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Summary 
The purpose of this study was to construct a conceptual framework for the development of intelligent, learning 
style- and computer-based educational software and to apply it to linear programming (LP). A secondary goal 
was to extend the framework to also include other topics from Operations Research. 
The system that resulted from this study was named GEORGE, in honor of the inventor of the simplex method 
George Dantzig. GEORGE utilizes fuzzy interpretations of learning style inventories and models of teaching 
and learning to determine a student's learning and teaching style preferences. An individualized tutoring strategy 
is then computed and used to present the course material to the student. A whole range of modes of presentation 
can be included in such a strategy, from drill-and-practice exercises, demonstrations and step-by-step tutorials to 
flow- and step charts and point-and-query interfaces. GEORGE keeps a practical and effective student model 
and controls the tutoring with a domain- and motivational based planner. 
The models of teaching and learning, mentioned above, are based on the results of fuzzy interpretations of 
Kolb's learning style inventory (experimental learning), a Myers Briggs Type Indicator Test (personality), La 
Haye's temperament test, a visualizer-verbalizer questionnaire, a study preference guide (sequential/global 
preferences), the model of teaching and learning of Felder and Silverman (for engineering education), 
Neethling's Brain Profile Test, a model of teaching and learning that is based on left and right brain preferences, 
and Sternberg's model of thinking styles. 
GEORGE consists of six modules, namely a problem solving or domain expert module, a generic questioning 
module, a presentation module, an "artificial psychologist" module, a student model module and a tutorial 
module. The generic questioning module is used to generate tutoring and testing material for GEORGE and the 
"artificial psychologist" module is used primarily to supply students with individualized psychological help, 
from study techniques and emotional matters to motivation and goal setting. The remaining four modules 
correspond more or less with the four modules of a traditional intelligent tutoring system. 
A number of artificial intelligence techniques i.e. natural language understanding, fuzzy expert and fuzzy 
decision making systems, induction and neural networks, are used in the implementation of different 
components of GEORGE. Applications of De Bono's thinking skills also play an important role in a number of 
components (teaching students how to think), the presentation of various personal development or self 
improvement techniques are very prominent (in the "artificial psychologist" module), and the accommodation of 
differences among users (especially learning style preferences) receives high priority. 
The implementation of the various components of GEORGE resulted in a number of useable computer-based 
learning modules. These demonstration programs illustrate the various concepts within the suggested general 
framework. The system was developed in Turbo Pascal and integrated within the "Windows"-environment with 
the help of the authoring system, EasyTutor. 
GEORGE will eventually be extended to become not only a computer-based tutor of LP topics, but also a 
Resourceful Environment for the Clever Tutoring of other Operations Research techniques (RECTOR). 
Guidelines regarding the transformation of GEORGE into RECTOR are provided. 
RECTOR, and parts thereof, should be used in a very similar way as in GEORGE, to supply computer support 
of lectures, to provide computer-assisted learning, to conduct computer-based learning, to create a computer 
environment for calculations and as a source of self-paced and open access material. 
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Opsomming 
Die primere doelwit van hierdie studie was om 'n konseptuele raamwerk daar te stel vir die ontwikkeling van 
intelligente, leerstyl gebaseerde en rekenaargesteunde onderrigmateriaal en om dit dan toe te pas op lineere 
programmering. As sekondere doelwit is gepoog om aan te toon hoe hierdie raamwerk uitgebrei kan word om 
ook ander onderwerpe uit Operasionele Navorsing in te sluit. 
Die resulterende stelsel is GEORGE gedoop om hulde te bring aan die ontwerper van die sirnpleksmetode 
George Dantzig. GEORGE gebruik fuzzy interpretasies van leerstylinventarisse en modelle van onderrig en leer 
om 'n student se leerstyl en onderrig voorkeure te bepaal. 'n Ge!ndividualiseerde tutoriaal strategie word dan 
bereken en gebruik om die onderrigmateriaal aan die student aan te bied. 'n Verskeidenheid van 
aanbiedingselemente kan ingesluit word in so 'n strategie, van dril-en-inoefen programme, demonstrasies en 
stap-vir-stap tutoriale tot vloeikaarte en wys-en-vra koppelvlakke. GEORGE onderhou 'n praktiese en 
effektiewe studente model en beheer die onderrig met behulp van 'n vakgebied- en motiveringsgebaseerde 
beplanner (die sogenaamde "domain- and motivational based planner"). 
Bogenoemde modelle van onderrig en leer is gebaseer op fuzzy interpretasies van Kolb se leerstylinventaris 
( ervaringsleer), 'n "Myers Briggs Type Indicator" toets (persoonlikheid), Tim La Haye se temperament toets, 'n 
sogenaamde "visualizer-verbalizer questionnaire", 'n inventaris wat voorkeure vir sekwensiele of globale 
aanbiedingswyses bepaal, Felder en Silverman se model van onderrig en leer vir ingenieursonderrig, Neethling 
se breinprofiel toets, 'n model van onderrig en leer wat gebaseer is op linker- en regterbreinvoorkeure en 
Sternberg se model van denkstyle. 
GEORGE bestaan uit 6 modules, te wete 'n probleemoplossings- of vakdeskundige module, 'n scenario 
genereringsmodule, 'n aanbiedingsmodule, 'n skynsielkundige module, 'n studente model module en 'n tutoriaal 
module. Die scenario genereringsmodule word gebruik om onderrig- en toets materiaal vir GEORGE te 
genereer, terwyl die skynsielkundige module primer ingespan word om studente van ge!ndividualiseerde 
sielkundige hulp te voorsien. Laasgenoemde sluit in advies in verband met studie gewoontes, emosies, 
motivering en doelwitstelling. Die oorblywende vier modules kom in 'n groot mate ooreen met die vier modules 
van 'n klassieke intelligente tutorstelsel. 
'n Aantal skynintelligensie tegnieke, te wete natuurlike taalverwerking, fuzzy deskundige- en 
besluitnemingsteunstelsels, induksie en neurale netwerke, word gebruik in die implementering van die 
verskillende komponente van GEORGE. De Bono se denkvaardigheidsoefeninge speel ook 'n belangrike rol in 
sommige komponente (leer studente hoe om te dink), terwyl die aanbieding van verskillende 
persoonlikheidsontwikkelingstegnieke baie prominent in die skynsielkundige module voorkom. Die 
akkommodering van verskille tussen gebruikers (veralleerstyl verskille) geniet die hoogste prioriteit binne die 
stelsel. 
Die implementering van die verskillende komponente van GEORGE het 'n aantal baie bruikbare 
rekenaargesteunde leermodules tot gevolg gehad. Hierdie demonstrasie programme illustreer die verskillende 
konsepte van die voorgestelde konseptuele raamwerk. Die stelsel is in Turbo Pascal en met behulp van 'n 
"Windows" gebaseerde outeurstelsel, EasyTutor, ontwikkel. 
Riglyne is ook daargestel vir die omskakeling van GEORGE na RECTOR ("a Resourceful Environment for the 
Clever Tutoring of other Operations Research techniques"). Die voorgestelde raamwerkkan dus uitgebrei word 
om ook ander onderwerpe uit Operasionele Navorsing in te sluit. 
Die hoop word uitgespreek dat RECTOR, soos GEORGE, in die toekorns gebruik sal word as hulpmiddel in die 
klaskamer, as addisionele ondersteuning vir tradisionele onderrig, as plaasvervanger ten dele (vir sekere 
gedeeltes van die kurrikulum), as 'n rekenomgewing en as 'n kennisaanvuller. 
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What role can these thinking style based approaches play in improving the quality 
of teaching and learning? 
Why implement more than one model of thinking styles? What about all the other 
Style based approaches presented earlier? Which model is the best? 
How does this chapter support the main goals and objectives of this study? 
What does CATS BA TILE contribute to research in computer-based education? 
How does it add value? 
Chapter 10 
A Fuzzy Logic Based Student Modeler and An AI Based Self-Improving Tutor. 
1. Introduction 
2. A Fuzzy Logic Based Student Modeler 


































































A Fuzzy Model of a Student's Expertise Level 
Introducing a Fuzzy Model of a Student's Expertise Level 
Predicting a Student's Knowledge Level 
Diagnostic Inference 
Illustrating the Diagnostic Inference 
Comments 
An Application of this Fuzzy Model within My Tutoring Environment 
An Assessment Matrix to Intelligently Monitor and Guide a Student's progress 
Introduction 
Illustration of the Assessment Matrix 
A Summary of the Fuzzy Logic Based Student Modeler 
An AI Based Self-Improving Tutor 
Self-Improving Systems 
Intelligent Applications of AI Techniques in Self-Improving Tutoririg Systems 
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Classification Trees and Rules 
Introducirig Classification Trees and Rules 
Quinlan's ID3 Induction Algorithm 
Utilizing the ID3 Algorithm to Build a Classification Tree for our Example 
Calculating the Entropy of Classification of an Attribute 
Definition of Entropy 
Applyirig the Calculation of Entropies to Our Example Set 
A General Procedure to Build Classification Trees and Produce a Set of Rules 
Applyirig Quillian's ID3 Induction Algorithm to Intelligently Modify Tutoririg 
Strategies withiri My Conceptual Framework 
A General Procedure 
A Demonstration 
Applying Neural Networks to Intelligently Modify Our Tutoring Strategies 
Introducirig Neural Networks 
Definition 
Applications 
Commercially Available Products 
Functioning ofNeural Networks 
How do Neural Networks Learn? 



















































Testing Neural Networks 
Intelligent Tutoring Systems and Neural Networks 
Applying Neural Networks to Intelligently Adapt Tutoring Strategies within My 
Conceptual Framework 
Setting up the Network 
Training the Network 
Testing the Network 
Using the Results of the Neural Network to Modify Tutoring Strategies within My 
Conceptual Framework 
Evaluating the Self-Improvement Tutor 
Induction or Neural Networks to Control the Self-Improving Tutor? 
Usefulness of the Self-Improving Mechanism within My Conceptual Framework 
Support for the Goals of the Study 
Contribution to Knowledge 
Chapter 11 
A Domain- and Motivational Based Planner to Control the Tutoring Process. 
I. An Introduction to Motivation and to a Domain- and Motivational Based 

















If-Then Rules Within a Domain- and Motivational Based Planner 
Traditional If-then Strategy of a Tutor (Human/Computer) in a Domain Based Planner 
16 Golden Rules to Incorporate Motivation in Tutoring 
Modeling the Student's Confidence Level 
How to Numerically Model the Student's Confidence Level 
Updating Beliefs About the Student's Confidence Levels 
Modeling the Student's Effort Level 
A Boolean Model to Represent the Student's Effort Level 
Updating Beliefs About the Student's Effort Levels 
Modeling the Student's Independence Level 
How to Numerically Model the Student's Independence Level 
Updating Beliefs About the Student's Independence Levels 
Domain- and Motivational Based Plans: 17 Guidelines for Tutoring 
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A Domain- and Motivational Based Planning Assistant 
Introduction and Demonstration 
A Summary of Possible Applications 
Support for the Goals of the Study 
Contribution to Knowledge and Research in Intelligent Tutoring Environments 
Chapter 12 
















The Success of This Study 
A Chapter-by-Chapter Summary of How the Goals of the Study Were Met and of 
How This Study Adds Value to Research in the Field of Computers in Education 
Incorporating the Design Principles of Chapter 2 within My Conceptual Framework 
Satisfying the Four General Requirements 
Satisfying the Eleven Specific Requirements 
External Feedback Regarding My Conceptual Framework 
I agree with people who say that_ 
I disagree with people who say that_ 
Extending the Conceptual Framework 
Extending the Framework to Other Domains 
Introducing RECTOR 
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A Linear Programming Curriculum and Other Mathematical Programming Topics. 
1. Modules in LP curriculum 
2. Concepts within Modules of LP Curriculum 
2.1. Introduction To Linear Programming 
2.2. Building Mathematical Models 
2.3. Classification OfLP Problems With A Taxonomy 
2.4. Simplex As Solution Method 
2.5. Application Of Duality Theory 
2.6. Dual Simplex Method To Conect Feasibility 














































Sensitivity Analysis Part 2 
Sensitivity Analysis Part 3 
Sensitivity Analysis Part 4 
Transportation Algorithm 
Vogel's Starting Procedure For Transportation Algorithm 
Transportation Sensitivity Case 1 
Transportation Sensitivity Case 2 
Transportation Sensitivity Case 3 
Transportation Sensitivity Case 4 
Transportation Sensitivity Case 5 
Hungarian Solution Method For Assignment Problem 
References Consulted in Compiling the Curriculum 
Potential Application Areas in Mathematical Programming - Typical Problem Descriptions and 
Modeling and Solution Techniques 
Game Theory 
4 .1 .1. Typical Problem Description 
4.1 .2. Modeling and Solution Techniques 
4.2. Classical Optimization 
4.2.1. Typical Problem Description 
4.2.2. Modeling and Solution Techniques 
4.3. Integer programming 
4.3 .1. Typical Applications 
4.3.2. Typical Problem Description 
4.3.3. Modeling and Solution Techniques 
4.4. Quadratic Programming (Non-linear Programming with Restrictions) 
4.4.1. Typical Problem Description 
4.4.2. Modeling and Solution Techniques 
4.5. Unrestricted Non-linear Programming 
4.5.1. Typical Problem Description 
4.5.2. Modeling and Solution Techniques 
4.6. Linear Programming 
4.6.1. Typical Applications 
4.6.2. Typical Problem Description 
4.6.3 . Modeling and Solution Techniques 
4.7 . Goal Programming 
4. 7 .1. Typical Problem Description 
4.7.2. Modeling and Solution Techniques 
4.8. Deterministic Dynamic Programming 
4.8.1 . Typical Applications 
4.8.2. Typical Problem Description 
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4.9. Network Flow Problems 
4.9.1. Definition 
4.9.2. Modeling and Solution Techniques 
Appendix 2 








Product Mix Problems 
Blending Problems 
Investment Problems 












Product Mix Problems (Complete dictionary) 
Blending Problems (Only selected parts of dictionary) 
Investment Problems( Only selected parts of dictionary) 
Production Scheduling Problems (Only selected parts of dictionary) 
Transportation Problems (Only selected parts of dictionary) 
Assignment Problems (Only selected parts of dictionary) 
Appendix 4 







Instantiation of the Product Mix Problem Frame (Complete database) 
Instantiation of the Blending Problem Frame (Only partial database) 
Instantiation of the Transportation Problem Frame (Only partial database) 
Instantiation of the Assignment Problem Frame (Only partial database) 
Instantiation of the Investment Problem Frame (Only partial database) 
Instantiation of the Production Scheduling Problem Frame (Only partial database) 
Appendix 5 
Applying the NLU-based Modeler to Different Classes of Linear Programming 
Problems - A Representative Sample 
I. 
2. 
A Typical Blending Problem 
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Dunn et al's Learning Style Inventory 
Questionnaire 









Learn alone I with peers 
Learn with superior (authority) 
Learn in a variety of ways 
Learn by listening (Auditory) 
Learn visually 
Tactile learning 
Learn by doing (kinesthetic) 
Intake 
Evening morning energy levels 
Late morning energy level 




Kolb's Learning Style Inventory 
A Questionnaire to Determine a Student's Problem Solving Approach 





The Transformation Dimension of Experiential Learning and the Learning Modes 
of the Learning Cycle 
The Prehension Dimension of Experiential Learning and the Learning Modes 
of the Learning Cycle 
Helpful Environmental Factors and the Learning Modes of the Learning Cycle 
Hindering Environmental Factors and the Learning Modes of the Learning Cycle 
Teaching Activities Supporting the Various Learning Modes of the Learning Cycle 
A Myers Briggs Type Indicator Test 
The Questionnaire 
Interpretation: Relationships of Various Dimensions to Learning Preferences and 
Preferences of Certain Type Combinations 




















































The Relationship of Introversion to Learning Preferences 
The Relationship of Sensation to Learning Preferences 
The Relationship of Intuition to Learning Preferences 
The Relationship of Thinking to Learning Preferences 
The Relationship of Feeling to Learning Preferences 
The Relationship of Judging to Learning Preferences 
The Relationship of Perception to Learning Preferences 
Learning Preferences of Certain Type Combinations 
3.2.9.1. Learning Preferences ofES Types (Extrovert-Sensing Types) 
3.2.9.2. Learning Preferences of ST Types (Sensing-Thinking Types) 
3.2.9.3. Learning Preferences of SF Types (Sensing-Feeling Types) 
3.2.9.4. Learning Preferences ofSP Types (Sensing-Perception Types) 
3.2.9.5. Learning Preferences of EN Types (Extrovert-Intuition Types) 
3.2.9.6. Learning Preferences ofNT Types (Intuition-Thinking Types) 
3.2.9.7. Learning Preferences ofNF Types (Intuition-Feeling Types) 
3.2.9.8. Learning Preferences ofiS Types (Introvert-Sensing Types) 
3.2.9.9. Learning Preferences ofSJ Types (Sensing-Judging Types) 
3.2.9.10. Learning Preferences of IN Types (Introvert-Intuition Types) 
3.2.9.11. Learning Preferences ofNP Types (Intuition-Perception Types) 





























An Assessment Instrument to Determine a Student's Temperament 
The Questionnaire I Instrument 
Twelve Temperament Blends 
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The SanPhleg - A Combination of the Sanguine and the Phlegmatic 
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The ChlorMel- A Combination of the Choleric and the Melancholy 
The ChlorPhleg- A Combination of the Choleric and the Phlegmatic 
The MelSan- A Combination of the Melancholy and the Sanguine 
The MelChior- A Combination of the Melancholy and the Choleric 
The MelPhleg - A Combination of the Melancholy and the Phlegmatic 
The PhlegSan- A Combination of the Phlegmatic and the Sanguine 
The PhlegChlor - A Combination of the Phlegmatic and the Choleric 
The PhlegMel - A Combination of the Phlegmatic and the Melancholy 
Temperaments and Study Habits 
The Sanguine Temperament and Study Habits 
The Choleric Temperament and Study Habits 
The Melancholic Temperament and Study Habits 
The Phlegmatic Temperament and Study Habits 
An Assessment Instrument for Verbal and Visual Learning Styles 
A Study Preference Questionnaire to Determine Global and Sequential Preferences 
An Instrument to Determine Left- and Right Brain Preferences 
Neethling's Brain Profile Test 
Characteristics of Left Brain Thinking 
Characteristics of Right Brain Thinking 
Applications of Left- and Right Brain Preferences 








































































Whole Brain Problem Solving 
The Whole Brain Classroom 
Whole Brain Education 
Whole Brain Learning 
A Multiple Intelligence Quiz and Characteristics of the Various Intelligences 
The MI Quiz 
Like Traits of the Various Intelligences 
How to Strengthen the Various Intelligences for Learning 
Commonly Found In_ 
Examples of Famous Persons 
Using the Various Intelligences to Explore What You Are Learning 
The Index of Learning Styles and Descriptions of Active, Reflective, Sensing, Intuitive, 
Visual, Verbal, Sequential and Global Learners 
Felder and Soloman's Index of Learning Styles 
Characteristics of and Self Help Hints for Active and Reflective Learners 
Characteristics of and Self Help Hints for Sensing and Intuitive Learners 
Characteristics of and Self Help Hints for Visual and Verbal Learners 
Characteristics of and Self Help Hints for Sequential and Global Learners 
Appendix 7 
Outlining the Contents of the Guidance and Advice Module of the Artificial 
Psychologist. 
Appendix 8 
Fuzzy Logic: Additional Explanations 
1. Determination Methods for Membership Values 
1.1. Subjective Evaluation and Elicitation 
1.2. Ad-hoc Forms 
1.3. Converted Frequencies or Probabilities 
1.4. Physical Measurement 
2. An Example of a Fuzzy Expert System 
Appendix 9 
Fuzzy Expert Systems to Select Presentation Elements 
1. A Set of Four Fuzzy Expert Systems for a MBTI Test 
1.1. A Fuzzy Expert System for the Extrovert-Introvert Dimension 
1.2. A Fuzzy Expert System for the Intuition-Sensation Dimension 
1.3. A Fuzzy Expert System for the Feeling-Thinking Dimension 
1.4. A Fuzzy Expert System for the Perception-Judging Dimension 
2. A Fuzzy Expert System for LaHaye's Temperament Test 
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4. A Fuzzy Expert System for the Study Preference Questionnaire 472 
5. A Fuzzy Expert System for Neethling's Brain Profile Test 473 
Appendix 10 
The ME-OW A Aggregation Technique. 
1. The ME-OW A Aggregation Technique 475 
1.1. Definition 4 7 5 
1.2. Characteristics of OW A Operators 476 
1.3. The "orness measure" 476 
1.4. The Entropy of the Weighting Vector 476 
1.5. Determination of the Weights 476 
1.6. An Analytical Solution of the ME-OW A Weights 4 77 
2. The Power Method to Approximate the Dominant Eigenvalues and Associated Eigenvectors 480 
3. The Newton-Raphson Algorithm 481 
Appendix 11 
Demonstrating the Fuzzy Decision Making Algorithm 
1. Identify the Goals 
2. Identify the Constraints 
3. Identify the Alternatives 
4. Ranking the Relative Importances of the Goals and Constraints 
5. Construct the Importance Matrix B 
6. Solve the Associated Eigenvalue I Eigenvector Problem 
7. Obtain the Unit Eigenvector W' 
8. Determine the Exponential Weights 
9. Determine the Satisfaction Levels 
10. Applying Saaty's Method 
11 . Construct a Satisfaction Matrix S 
12. Incorporate Exponential Weights 
13. Determine the 9 Decision Factors 
14. Select the Optimal Decision 
Appendix 12 
Thinking Style Inventories 
I. Inventories for Sternberg's Theory of Mental Self-Government 
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1.2. Interpreting Your Scores 
2. More Information on Sternberg's 13 Thinking Styles 
2.1. The Legislative Thinking Styles 
2.1.1. Short Description 
2.1.2. Prefened Kinds of Activities 
2.1.3. Prefened Occupations 
2.1.4. Likes and Dislikes of Legislative-Creators 
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Adapting De Bono's Thinking Games to Become Teaching Games- Concept Cards Versions. 
1. Examples of Concept Cards 
2. "Thirty Questions" Thinking and Teaching Game 
3. "Forty Questions" Thinking and Teaching Game 
4. "Recognize From a Description" Thinking and Teaching Game 
5. "Concept Snap" Thinking and Teaching Game 
6. "Broader Concept" Thinking and Teaching Game 1 
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An Explanation of De Bono's Thinking Tools 
PMI Thinking Tool - An Explanation 
APC Thinking Tool - An Explanation 
CAF Thinking Tool - An Explanation 
C & S Thinking Tool- An Explanation 
FI-FO Thinking Tool- An Explanation 
FIP Thinking Tool - An Explanation 
EBS Thinking Tool - An Explanation 
ADI Thinking Tool- An Explanation 
OPV Thinking Tool- An Explanation 
HV & LV Thinking Tool - An Explanation 
The Dice Method - An Explanation 
Easy Way Out Method - An Explanation 
The Spell Out Method - An Explanation 
Buriden's Ass Method - An Explanation 
The Ideal Solution Method - An Explanation 
The Best Home Method - An Explanation 
The "What if ... ?" method - An Explanation 
The Simple Matrix Method - An Explanation 
The Full Matrix Method - An Explanation 
The Laziness ofFGL Method- An Explanation 
The AGO Thinking Tool - An Explanation 
The TEC Framework - An Explanation 
The PISCO Framework -An Explanation 
TO/LOPOSO/GO Thinking Structure - An Explanation 
Mapping De Bono's Thinking Tools on Specific Aspects of Thinking 
Problem Solving Scenarios for De Bono's Thinking Tools 
PMI Thinking Tool- Problem Solving Scenarios 
APC Thinking Tool - Problem Solving Scenarios 
CAF Thinking Tool - Problem Solving Scenarios 
C & S Thinking Tool - Problem Solving Scenarios 
FI-FO Thinking Tool- Problem Solving Scenarios 
FIP Thinking Tool - Problem Solving Scenarios 
EBS Thinking Tool - Problem Solving Scenarios 
ADI Thinking Tool- Problem Solving Scenarios 
OPV Thinking Tool - Problem Solving Scenarios 
HV & LV Thinking Tool- Problem Solving Scenarios 
The Dice Method - Problem Solving Scenarios 
Easy Way Out Method- Problem Solving Scenarios 
The Spell Out Method - Problem Solving Scenarios 
Buriden's Ass Method - Problem Solving Scenarios 
The Ideal Solution Method - Problem Solving Scenarios 
The Best Home Method - Problem Solving Scenarios 
The "What if ... ?" method- Problem Solving Scenarios 
The Simple Matrix Method - Problem Solving Scenarios 
The Full Matrix Method - Problem Solving Scenarios 
The Laziness ofFGL Method- Problem Solving Scenarios 
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3.25. TO/LOPOSO/GO Thinking Structure- Problem Solving Scenarios 546 
Appendix 15 
Demonstration Programs on CD: Where to Get and How to Run Them. 
1. MS-DOS- and Windows 95 Demonstrations 547 
2. Demonstration Programs for the NLU-based Modeler and Solver 550 
2.1. Installation Procedure 550 
2.2. Demonstrating the Modeling, Solution and Sensitivity Analysis Procedures- Instructions 
to Introduce the System to the User 550 
3. Demonstration Programs for Generic Questioning (Applied to Product Mix Problems) 553 
3.1. Installation Procedure 553 
3.2. Demonstrating the Generic Questioning Procedure- Instructions to Introduce the System 
to the User 553 
4. Implementations of an EPSS and a CAT- Applied to the Simplex Method 553 
4.1 . Installation Procedure 553 
4.2. Demonstrating an EPSS- Instructions to Introduce the System to the User 553 
4.3. Demonstrating a Point-and-Query Interface- Instructions to Introduce the System to the User 554 
4.4. Demonstrating a Computerized Adaptive Testing Procedure- Instructions to Introduce the 
System to the User 555 
5. Demonstration Programs for a Mind Map Presentation of the LP Curriculum and a 
Facility to Build Mind Maps 555 
5 .1. Installation Procedure 55 5 
5.2. Demonstrating a Mind Map Presentation of the LP Curriculum- Instructions to Introduce the 
System to the User 555 
5.3. Demonstrating a Facility to Build Mind Maps- Instructions to Introduce the System to the User 555 
6. Demonstration Programs for the Visualization ofLP Problem Descriptions 556 
6.1. Installation Procedure 556 
6.2. Visualizing LP Problem Descriptions 556 
7. Flow- and Step Charts, Structure Diagrams and Pseudo Code for the LP Curriculum 557 
7.1. Installation Procedure 557 
7 .2. Demonstrating Flow- and Step Charts, and Structure Diagrams - Instructions to Introduce the 
System to the User 557 
7.3 . Demonstrating Pseudo Code- Instructions to Introduce the System to the User 559 
8. Demonstration Programs for the Visualization of Sensitivity Analysis (Applied to the 
Solutions of Product Mix Problems) 559 
8.1. Installation Procedure 559 
8.2. Visualizing the Sensitivity Analysis of Two Dimensional Product Mix Problems-
Instructions to Introduce the System to the User 559 
9. Demonstration Programs for the Learning Style Inventories 560 
9 .1. Installation Procedure 5 60 
9.2. Demonstrating the LSI's of Dunn et al, and Kolb, a MBTI Test, LaHaye's Temperament 
Test, the VVQ and a Study Preference Questionnaire - Instructions to Introduce the Systems 
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to the User 
Demonstration Programs for the Model of Tutoring and Learning that is Based on 
Felder and Silverman's Model 
10 .1. Installation Procedure 
10.2. Demonstrating a Model of Tutoring and Learning (Based on Felder and 
Silverman's Approach)- Instructions to Introduce the System to the User 
11 . Demonstration Programs for the Model ofTutoring and Learning that is Based on 
Left and Right Brairi Preferences 
11.1. Installation Procedure 
11.2. Demonstrating an Information Kiosk on Left and Right Brain Preferences and the 
Model of Tutoring and Learnirig that is Based on Left and Right Brain Preferences -
Instructions to Introduce the System to the User 
12. Demonstration Programs for the Fuzzy Model of Tutoririg and Learning that is 
Based on Felder and Silverman's Model 
12.1. Installation Procedure 
12.2. Demonstrating a Fuzzy Model of Tutoring and Learning (Based on Felder and 
Silverman's Approach) - Instructions to Introduce the System to the User 
13. Demonstration Programs for a Fuzzy Interpretation of the Model of Tutoring and 
Learnirig that is Based on Left and Right Brain Preferences 
13 .1. Installation Procedure 
13.2. Demonstrating a Fuzzy Interpretation of a Model of Tutoring and Learnirig that is Based 
on Left and Right Brairi Preferences - Instructions to Introduce the System to the User 
14. Demonstration Programs for De Bono's Thinking Games 
14.1. Installation Procedure 
14.2. Demonstrating De Bono's Thinking Games (Based on Felder and Silverman's 
Model of Tutoring and Learnirig)- Instructions to Introduce the System to the User 
14.3. Demonstrating De Bono's Thinking Games (Based on the Results ofNeethling's 
Brain Profile Test) - Instructions to Introduce the System to the User 
14.4. Demonstrating the Number Choice Thinking and Teaching Game- Instructions to 
Introduce the System to the User 
14.5. Installing and Exploring "Rummy" 
15. Demonstration Programs for the "Environment for the Gifted" - Applications 
of De Bono's Thinking Skills 
15 .1. Installation Procedure 
15.2. Demonstrating an "Environment for the Gifted" (Based on Felder and Silverman's 
Model of Tutoring and Learning) -Instructions to Introduce the System to the User 
15.3. Demonstrating an "Environment for the Gifted" (Based on the Results ofNeethling's 
Brain Profile Test) - Instructions to Introduce the System to the User 
16. Demonstrating an Application of a Simple Backpropagation Neural Network within 
Our Framework 
16.1. Installation Procedure 
16.2. Instructions to Introduce the System to the User 
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17 .1. Installation Procedure 
17.2. Demonstrating the Guidance and Advice Module- Instructions to Introduce the 
System to the User 
18. Demonstration Programs for a Domain- and Motivational Based Planner 
(Combined with a Fuzzy Model of Tutoring and Learning) 
18.1. Installation Procedure 
18.2. Demonstrating the Functioning of the Domain- and Motivational Based 
Planner - Instructions to Introduce the System to the User 
19. Installation Procedures for the Windows-based Demonstration Programs 
19 .1. A teaching I tutoring and learning assistant that implements a model of teaching I 
tutoring and learning that is based on Kolb's learning style inventory. 
19 .2. A teaching I tutoring and learning assistant that is based on personality types. 
19.3. A teaching I tutoring and learning assistant that implements a model of teaching 
and learning that is based on Felder, Silverman and Soloman's research. 
19.4. A teaching I tutoring and learning assistant that implements a model of teaching 
and learning that is based on visual, auditory and kinesthetic (V AK) preferences. 
19.5. A teaching I tutoring and learning assistant that implements a model of teaching 
and learning that is based on Gardner's theory of multiple intelligences. 
19.6. A domain- and motivational based planning assistant for teachers. 
19.7. An implementation of a thinking style based approach to individualized teaching I 
tutoring and learning. 
19.8. An implementation of a thinking style based approach to the individualized teaching 
and learning of thinking skills. 
19.9. An implementation of CATS BATTLE- a Computer Assisted Thinking Style 
Based Assistant for Thinking, Teaching and Learning Exploration. 
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Chapter 1 
The Construction of a Conceptual Framework for the Development 
of Intelligent, Learning Style- and Computer-based Educational 
Software for Topics from Operations Research -An Introduction 
1. Introduction 
A general framework for · the development of intelligent, learning style- and computer-based educational 
software was constructed and applied to linear programming (LP). The aim of this first chapter to list the aims, 
goals and objectives of this study (section 2), to give an overview of the resulting framework (section 3) and to 
provide an outline of the contents of this document (section 4). 
The system that resulted from this study was named GEORGE, in honor of the inventor of the simplex method 
George Dantzig (1947). GEORGE utilizes fuzzy interpretations of learning style inventories (LSI's) and any 
one of five models of teaching and learning to determine a student's learning and teaching style preferences. An 
individualized tutoring strategy is then computed and used to present the course material to the student. A 
whole range of modes of presentation can be included in such a strategy, from drill-and-practice exercises, 
demonstrations and step-by-step tutorials to flow- and step charts and point-and-query interfaces. GEORGE 
keeps a practical and effective student model and controls the tutoring with a domain- and motivational based 
planner. 
GEORGE consists of six modules, namely a problem solving or domain expert module, a generic questioning 
module, a presentation module, an "artificial mentor and psychologist" module, a student model module and a 
tutorial module. The generic questioning module is used to generate tutoring and testing material for GEORGE 
(section 3.2) and the "artificial mentor and -psychologist" module (section 3.4) is used to supply students with 
individualized psychological help, from study techniques and emotional matters to motivation and goal setting, 
and to electronically make a skills based curriculum for the 21 st century available to them. The remaining four 
modules correspond more or less with the four modules of a traditional intelligent tutoring system (Whitaker & 
Bonnell, 1992). Sections 3.1 to 3.6 are used to provide an overview of GEORGE and attempt to introduce the 
most important aspects of these different modules. The implementation of the various components of GEORGE 
resulted in a number of useable computer-based learning modules. These are summarized in section 3.7. 
A number of artificial intelligence techniques i.e. natural language understanding, fuzzy expert and fuzzy 
decision making systems, induction and neural networks, are used in the implementation of different 
components of GEORGE. Applications of De Bono's thinking skills also play an important role in a number of 
components, the presentation of various personal development or self improvement techniques are very 
prominent (in the "artificial mentor and -psychologist" module), and the accommodation of differences among 
users (especially learning- and thinking style preferences) receives high priority. Demonstration programs were 
developed for many of GEORGE's components, and are described throughout this document. Instructions on 
where to find and how to run these programs can be found in appendix 15. 
2. Aims, Goals and Objectives of the Study 
The following 10 goals were defined for this study (in no particular order): 
1. To construct a general framework for the development of intelligent, computer-based educational software 
for topics from Operations Research. 
2. To incorporate learning style and teaching and learning models into teaching systems. 
3. To construct a student model that could be transferred to other systems and domains. 
4. To integrate within the curriculum of the tutor elements on how-to-think, how-to-learn, and how-to-teach 
(three essential skills of the 21 st century). 
Stellenbosch University  https://scholar.sun.ac.za
2 
5. To develop a so-called artificial mentor and -psychologist that could be integrated within the tutoring 
environment and could be used to provide psychological help and to integrate essential skills for the 21 st 
century within the learning environment. 
6. To develop computerized modules that demonstrate the most important techniques discussed and developed 
in this document. 
7. To develop a series of independent modules that could be used to improve the quality of traditional 
classroom instruction and that could be integrated within newly created computerized tutoring 
environments. 
8. To provide novel ways on how to use technology to improve the quality of engineering- and more 
specifically LP education. 
9. To develop a computer model that builds mathematical models of linear programming problems from text 
book descriptions and simulates an expert modeler in the process. The model should be integrated within 
the tutoring environment and should also be usable within the traditional classroom where it could be used 
to teach students about formulating mathematical models of linear programming problems. 
I 0. To investigate techniques from artificial intelligence and how they could be used within the proposed 
conceptual framework to improve it. Also to implement these techniques, where appropriate, in order to 
demonstrate how they could be used to improve the performance and functionalities of the proposed 
tutoring environment. 
3. An Overview of GEORGE: An Intelligent Learning Style- and 
Computer-Based Tutor 
3.1. The Problem Solving Module 
A computerized problem solving module was developed for LP. It is capable of automatically understanding 
textbook descriptions of approximately 120 LP problems (by means of a pattern recognition natural language 
understanding (NLU) system), to formulate mathematical models of them, to solve them and to perform a 
sensitivity analysis on them. Procedures were developed to perform these modeling and solution techniques. 
The module therefore consists of a NLU-based Modeler, a LP Solver and a Solution Analyzer. This module 
serves as the domain expert in our system. See chapter 3. 
3.2. The Generic Questioning Module 
A combination of generic questioning (Haladyna, 1991), computerized problem solving and a NLU interface is 
used to generate tutoring and testing material (potentially an unlimited amount) for GEORGE. The human 
teacher simply interacts with the system (this function could also be simulated, however) and supplies lists of 
changes that must be made to the population of the generic scenario. The generic scenario's population grows 
extensively in the process and a large number of new test items are created. The next example illustrates how 
the above-mentioned combination and human interaction functions in GEORGE. 
The first step is to determine a set of instructional objectives. Because it is intended for GEORGE to assist 
students in learning LP, it will be expected of students to learn how to model and solve LP problems and how to 
perform a sensitivity analysis on a problem's optimal solution. 
The second step is to create the generic scenario. Because the generic scenario has to be populated by subject-
specific cases our generic scenario contains descriptions of the about 120 LP problems mentioned earlier in 
section 3 .1. They were taken directly from operations research textbooks. 
The next step is to construct a set of generic questions that will apply to all members of the scenario population. 
These questions follow naturally from the objectives set in the first step. 
The computerized problem solving routine and the natural language understanding interface then join forces 
with the generic questioning strategy to create a new range of scenarios, and corresponding generic questions. 
When GEORGE functions in its Generic Questioning mode the course instructor/coordinator interacts with the 
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system. He manually picks one of the LP problems from the population of the generic scenarios. This problem 
is then processed by GEORGE via the NLU system and the computerized problem solver. The coordinator now 
plays around with the different parameters of the problem and observe how changes in its values or structure 
affects the optimal solution. By actually making these changes he creates a new LP problem statement and new 
tutoring and testing material. See chapter 3. 
3.3. The Presentation Module 
The presentation module (see chapter 4) utilizes a whole range of presentation elements to communicate the 
course material to the student and to simultaneously accommodate his learning style preferences according to a 
specific model of teaching and learning (eight were implemented- see section 3.5 for a listing). A selection of 
these presentation elements .are defined below. The tutorial module combines, for each student individually, a 
number of these elements in a tutoring strategy. Consider the model of tutoring and learning that is based on left 
and right brain preferences. The tutoring strategy for a learner with strong left brain preferences would, for 
example, rather include verbal descriptions than visual representations. The latter would, on the other hand, be 
part of the tutoring strategy of learners with strong right brain preferences. 
A Point-and-Query Interface 
A point-and query interface (Graesser & Langston, 1992) defining the simplex method and some background 
information on LP can, for example, be presented to the student. The student can then point to a word, phrase or 
picture element on this screen. A set of related questions will be displayed. 
Suppose the student points to the word "constraints". An information source and a set of queries are associated 
with "constraints". The information source is represented as a conceptual graph structure. It contains a set of 
categorized nodes that are connected by categorized, directed arcs. The conceptual graph structure contains a 
taxonomic hierarchy consisting of a set of nodes that are connected by ISA, IDA, and P arcs (ISA = Is a kind; 
IDA= Is defined as; P =Has the property). A set of queries is also associated with "constraints". Each of these 
question categories have a particular arc search procedure that pursues specific paths of arcs and nodes in the 
information source "Constraints". For example, if the option "How is constraints defined?" is chosen, a specific 
arc search procedure is activated and a reply is produced by the system (defining the term and supplying some 
characteristics thereof). The user is then again able to point to a screen element, to select a related question and 
to read the answer. This process can continue until a dead end is reached (no more questions are associated with 
a screen element). The system then returns control to a higher level. This approach was extended in GEORGE 
to also include an option for a full description and an option for an illustration for a chosen screen element. 
Computerized Adaptive Testing (CAT) 
The goal of the CAT procedure is to use the least amount of questions necessary to evaluate a student's ability 
and performance on a specific topic (Welch & Frick, 1993). Suppose he is evaluated on the simplex method. 
Questions are randomly selected from a question bank. They are automatically generated by the generic 
questioning module. After a number of questions had been posted to a student, the system is able to decide 
whether the student is a master or a nonmaster. 
Computerized Problem Solver 
The student can use the problem solving module to build mathematical models of LP problems, to solve them 
and to perform sensitivity analyses of the optimal solutions. 
Mind Map Presentation 
Mind mapping was invented by Tony Buzan (Buzan, 1982) following his research into note taking techniques. 
Mind maps are constructed by writing down a central word or concept; around the central word 5 to 10 main 
ideas that relate to that word are drawn; each of those child words are then taken and 5 to 10 main ideas that 
relate to each of those words are drawn . An exponential number of related ideas can potentially be produced in 
this way. Being brief and using single words is the key to a good mind map, but sometimes one needs to write 
sentences of explanation. A "zoom-in-on-detail" facility allows you to do this, and to keep the extra information 
hidden until it is needed. 
Computer mind mapping and its "zoom-in-on-detail" facility can, for example, be used to provide an overview 
of the LP curriculum and to zoom in on specific modules. A mind map summarizing the LP curriculum is 
presented. The "zoom-in-on-detail" facility provides options to zoom in on specific elements in the map and see 
a computer mind map thereof on a lower level, to see a fuller explanation of elements in the map, and to 
illustrate certain elements by means of examples. Suppose we are zooming in on the element "The simplex 
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method" in the computer mind map of the LP curriculum. An outline of the simplex method is provided. 
Selecting "Illustration" at element "simplex method" produces screen output of the simplex method where it is 
used to solve an LP problem, and picking "Description" at any element results in a verbal explanation. 
Facility to Build Mind Maps 
The user is also able to make summaries of his own. He can actively build his own computer mind map. This 
act of creating a mind map will greatly increase how much he absorbs from a learning session. If he ever wants 
to review a specific topic, all he has to do is to look at his corresponding mind map (on either paper or 
computer). 
Teaching Games 
A number of thinking games (De Bono, 1996), whose aim is to develop different aspects of thinking, were 
computerized and combined with the coaching procedures within our tutoring environment. These teaching 
games then simultaneously teach students LP skills and give them an opportunity to practise their thinking 
skills. The presentation of these thinking games can be further individualized by taking the student's thinking 
style preferences into account. See chapter 9. 
Step-by-step tutorials 
Step-by-step tutorials on the LP curriculum attempt to imitate the human teacher in offering one-to-one 
instruction. An interactive dialogue between the system and the learner takes place. It consists of the 
presentation of information (for example the different steps of the simplex method) and practice opportunities 
(like giving the student the opportunity to solve a LP problem with the simplex method). Feedback from the 
system, that is based on the student's response to questions and exercises, is also part thereof. 
Drill-and-practice exercises 
In the drill-and-practice exercises the instruction of basic skills (like the simplex method) is followed by the 
provision of extensive practice in sub-skills (for example the pivoting process). Questions are asked and 
feedback are provided. The aim of these questions is to enhance retention and transfer. 
Demonstrations 
Demonstrations utilize charts, descriptions and simulations to explain LP techniques. For example, when 
demonstrating the different steps in the simplex method the system will provide a mathematical model of the 
problem that is to be solved, a flow- or step chart that highlights the active step, a description of that step, and 
finally, the application of that step to the current problem. The student is able to interact with the system and to 
control the tempo of the presentation. 
Examples 
Worked-out examples can also be provided on any one of the LP techniques that is covered in our system's 
curriculum. These examples do not contain any descriptions or explanations. An example of the simplex 
method will therefore only consist of a number of simplex tables. 
Descriptions 
Descriptions are used to verbally introduce concepts, skills and techniques. It is used on its own and m 
combination with mind maps, the point-and-query interface, flow- and step charts, tutorials, and so forth. It 
provides answers to who, what, where, when and how questions. 
Explanations 
Explanations are used to provide answers to all the "why" questions of the curriculum. It is used, for example, 
to provide reasons for using the simplex method, for choosing a particular entering variable and for defining an 
artificial auxiliary variable. 
Flowcharts, Step Charts, Diagrams and Pseudo-code 
Animated flow and step charts were developed for each of the modules in our system's LP curriculum. They are 
visualizations and verbalizations of various algorithms and techniques. Verbal explanations accompany each 
step in these charts. These animated flow charts can be used to explain different problem solving techniques to 
visualizers, and the corresponding step charts can be used to do the same explanations for verbalizers. Structure 
diagrams can complement the visualizers' explanations and pseudo code the verbalizers'. 
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Theoretical and Practical Readings 
A set of theoretical and practical readings on LP was also compiled. Readings about interesting LP applications 
and how the simplex method can be used to find optimal solutions for these interesting cases are examples of 
such readings. Reflective learners typically have a need for theoretical readings (so do people with a Ll 
dominance (Ll = top left quadrant of the brain)) while active learners will rather prefer practical readings and 
case studies (so do people with a L2 dominance (L2 = bottom left quadrant of the brain)). 
Case Studies 
Case studies on the actual usage of LP and its techniques in the real world were collected, and are presented to 
students, especially to students who prefer practical aspects. An example is the application of LP in a Data 
Envelopment Analysis model to measure the efficiencies of academic departments at a university (Sinuany-
Stern & Mehrez & Barboy, 1994; DuPlessis, 1997a). 
Asking of Stimulating Questions 
An environment within which the student can ask a whole range of pre-formulated questions about interesting 
aspects of the curriculum was created. It particularly suits learners who like exploring a subject, who like to 
learn more than is required and who like to have that information right now. 
Opportunity to reflecUthink 
Stimulating ideas about LP are presented to the student. The system then allows the student to reflect on the 
idea before providing some feedback. A puzzling case, may for example, be presented to the student. He can 
then try to solve it by himself. When he is ready he may consult the system and compare his solution with that 
of the system. Assimilators (Kolb & Rubin & Mcintyre, 1984) are especially fond of this activity. 
Monitoring Systems 
Monitoring systems provide an informal testing environment. A problem is presented to the student. The 
system monitors the student's progress as he tries to solve it. No help or explanations are provided. The system 
diagnoses possible problem areas in the student's knowledge and advises him on which areas he should 
concentrate on before taking a CAT and be classified as a master or a nonrnaster on a specific topic. When 
monitoring a student's knowledge level on the simplex method, for example, the system may advise the student 
to do some more exercises in order to improve his skills on the pivoting process. 
Navigation facility 
A monitoring matrix are kept to enable the system to record a student's progress through the learning material. 
It supplies answers to questions students often ask, like "What next?" and "Where am 1?". Such a matrix forms 
part of the cognitive model that is built for each student. It lists particulars about all the learning objectives 
available in the system. Answers to the following questions are sought (for each topic in the curriculum): 
Which options from the various support screens (presentation elements) were utilized by a student? In which 
order were those choices made? Has the student been tested? If he has been tested, has he tested as a master or 
a nonmaster? This information is then processed and a recommendation is made regarding the next support 
option that should be exercised for each topic . The option with the highest priority is chosen. A possible 
recommendation may be that the student should further explore LP Topic p by means of the point-and-query 
interface. Because the learner has full control over the system and can exercise whichever choice he wants, this 
will be merely a strong recommendation. The matrix, its interpretation and the recommendation is presented to 
the student. 
3.4. The "Artificial Mentor and -Psychologist" Module 
A computerized artificial mentor and -psychologist was created to electronically make a skills-based curriculum 
for the 21 st century available - available for integration within computer-based educational software and within 
the traditional classroom. CAMP FILE 2005, as the system is called, consists of interactive multimedia 
computer based tutorials and electronic books with hypertext, menus, help systems, quizzes, tests, graphics, 
voice, pop-up windows and executable demonstration programs. Its curriculum covers the very important topics 
of learning how-to-learn, learning how-to-teach, learning how-to-think, learning how-to-be-creative, emotional 
education, personal growth, and citizenship- and life skills. A number of electronic products have been 
developed to implement this curriculum: Eight teaching and learning assistants (see section 3.5 below for a 
listing), a motivational-based planning assistant for teachers; a decision support system that assists educators in 
exploiting new media in the design of learning environments; a brain gym; an emotional intelligence assistant; a 
guidance and advice module for advice on inter alia time management, motivation, goal setting, and study 
habits; a personality based decision support system that enhances and individualizes problem-solving, decision-
Stellenbosch University  https://scholar.sun.ac.za
6 
making, teaching and learning, conflict resolution and social skills; a memory manager; a household accountant; 
a time management system and a general decision-making aid. These products can be integrated within other 
computer-based educational material or could be used independently in a traditional classroom setting. This 
new curriculum will be integrated within my conceptual framework (see chapters 8 to 12). Only the ones that 
address the goals of this study are included as demonstration programs (see appendix 15). 
CAMP FILE 2005 also creates an exploratory environment for the gifted by challenging the student to apply 
some of De Bono's thinking skills to certain aspects of LP (techniques from his CORT thinking program (De 
Bono, 1994)) and supplies individualized advice to students on time management, motivation, goal setting, 
study habits, procrastination and emotional matters. This last-mentioned part of CAMP FILE 2005 was 
developed and implemented as a computer mind map. It was populated only after a large set of popular 
psychological books were consulted. A student's psychological profile determines which information will be 
presented to him. This profile is computed by a fuzzy interpretation of the various LSI's. 
3.5. The Student Model Module 
The following eight teaching/tutoring and learning assistants were developed to individualize instruction within 
the proposed conceptual framework (see chapters 7, 8 and 9): 
1. A teaching I tutoring- and learning assistant based on Kolb's Problem Solving Styles; 
2. A teaching I tutoring- and learning assistant based on Personality Types; 
3. A teaching I tutoring- and learning assistant based on Neethling's Left- and Right Brain Preferences; 
4. A teaching I tutoring and learning assistant based on V AK (visual, auditory and kinesthetic) preferences; 
5. A teaching I tutoring and learning assistant based on Gardner's theory of multiple intelligences; 
6. Two teaching I tutoring and learning assistants based on Felder and Silverman's model of teaching and 
learning - one based on the results of Kolb's LSI, a MBTI test, La Haye's temperament test, the visualizer-
verbalizer questionnaire and the study preference questionnaire, and the other based on Felder and 
Soloman's index of learning styles; and 
7. A thinking style based assistant. 
Any one of these assistants can be consulted by the student model in order to individualize the tutoring of LP. 
The thinking style based approach can also be used to individualize the teaching of thinking (thinking skills 
within the "environment for the gifted" in CAMP FILE 2005, and thinking games within the presentation 
module) . 
GEORGE has a practical and effective student model (chapters 8, 9 and 10). It interacts, as was mentioned 
above, with any one of these 8 teaching/tutoring and learning assistants that individualize the tutoring, and it 
communicates with a computerized adaptive testing procedure that diagnoses potential problem areas, an 
assessment matrix that monitors the student's progress, a domain- and motivational based planner that controls 
the tutoring process, and an artificial mentor and -psychologist that meets the student's psychological needs. 
For the purposes of this overview it is sufficient to only refer, in the following explanation, to the model of 
teaching/tutoring and learning, or the assistant, that is based on left and right brain preferences. The principles 
explained are also applicable to the other models I assistants. 
A fuzzy expert system and an unique model of tutoring and learning which is based on left and right brain 
preferences are used to match a student's preferred learning style with an appropriate tutoring strategy. 
Neethling's classification of a student's dominant brain preferences was fuzzified in order to describe to which 
degree one quadrant of the brain is dominant over the other. Crisp information from Neethling's Brain Profile 
Test is consequently converted into fuzzy values by mapping it into one or more degrees of membership. 
Predefmed rules in the fuzzy knowledge base are then applied to the fuzzified data to determine weighted data. 
This fuzzy output then describes the student's preferences for the various quadrants of the brain. A hypothetical 
student, may for example, be described as having a high preference for elements associated with the dominant 
Rl quadrant, and an average preference for the elements associated with both the secondary L1 quadrant and the 
tertiary L2 and R2 quadrants . 
The various needs, avoidances and preferences of the different quadrants are then mapped, together with their 
preferences, onto the presentation elements described above (section 3.3). The result is an individualized model 
of tutoring and learning for each student, specifying preferences for certain kinds of presentation elements. This 
information is then used by the tutorial module to construct and activate an appropriate tutoring strategy. 
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The system also uses a fuzzy model to continually update its estimate of the student's expertise in LP. It is done 
on the basis of evidence that particular concepts are known or not known. It is based on a fuzzy treatment that 
was worked out in the mid-1980's by Chin for KNOME, the user modeling component of the "Unix Consultant" 
(Jameson, 1995). 
An assessment matrix is used to monitor the student's progress through the learning material, to keep a record of 
both recommended tutoring strategies and strategies actually used and chosen by the student, to determine the 
student's level of expertise (through the above-mentioned fuzzy model of the student's expertise level), to 
diagnose possible problem areas (by interacting with a CAT), to launch remediative actions and to intelligently 
identify the most successful strategies. Either a simple neural network or an induction algorithm can be used to 
achieve the latter. 
For the purposes of this overview it is sufficient to only refer, in the following explanation, to the neural 
network. The principle explained is also applicable to induction. Study chapter 10 for complete details. 
Historic data is recorded for each presentation element regarding its availability and capability (is or is not able 
to provide a complete "lesson") for specific topics, regarding its usage when it was recommended and not 
recommended, regarding the difficulty level of the topic it was used or not used for, and about the student's 
mastery level regarding the specific topic when it was in fact used or not used. A neural network is trained on 
this data. Whenever a new tutoring cycle starts this neural network is run on the historic data of each 
presentation element. It can then be used to predict whether a specific presentation element should be used with 
a specific student on a specific topic, or not. 
The recommended tutoring strategy of a student is consequently modified by removing presentation elements 
for which there exist a conflict between the results of the neural network and their status in the recommended 
tutoring strategy. New elements can also be added to this strategy (replacing those removed) by consulting the 
results of the neural networks- those with a Yes for usage are to be considered. 
3.6. The Tutorial Module 
The tutorial module (chapters 7, 8, 9 and 11) is used to construct a tutoring strategy by .selecting a fixed number 
of presentation elements. Factors to consider when selecting these elements are the fuzzy description of the 
student's learning style preferences, the availability of a specific presentation element for the teaching of a 
particular topic, and very importantly, the ability of a selected presentation element to effectively communicate 
the contents of a specific topic. 
An "availability", and a "capability" vector are associated with each concept and module within our LP 
curriculum. The "availability" vector indicates which presentation elements are implemented, and therefore 
available, for that specific concept or module, and the "capability" vector indicates which presentation elements 
can be used to provide a complete "lesson" of that specific concept or module, and which not. 
A tutoring strategy is constructed by first selecting the "capable" presentation element with the highest priority 
(remember the student's preferences are mapped onto the presentation elements), and then complementing it 
from the remaining presentation elements by selecting the four or five with the highest priorities (normally 
elements which are not capable to provide complete "lessons"). An additional, balanced presentation element is 
also recommended and the essential presentation elements, like the computerized adaptive testing procedure, is 
automatically included. Appropriate modules from the "artificial psychologist" are also recommended. 
The following tutoring strategy was consequently constructed for the hypothetical student from the previous 
section: Utilize the capable presentation element "mind map presentation" in combination with a point-and-
query interface, a facility to build mind maps, flowcharts, demonstrations, diagrams and teaching games. A 
CAT procedure should also be included as well as psychological elements for motivation, study habits, goal 
setting and emotional control. 
Comment: A similar procedure is used to select presentation elements and to construct a tutoring strategy 
within the other models of tutoring and learning. An additional procedure is, however, in some cases necessary 
to decide on the mode within which this tutoring strategy will be applied. In my original implementation of 
Felder and Silverman's model a fuzzy decision making system is used to select one of the following nine modes: 
Structured tutoring following either an inductive, a deductive or a balanced inductive-deductive approach, 
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moderately structured tutoring following either an inductive, a deductive or a balanced inductive-deductive 
approach, or unstructured tutoring following either an inductive, a deductive or a balanced inductive-deductive 
approach. Full details are supplied in chapters 7, 8 and 9. 
The whole tutoring process is driven by a domain- and motivational based planner. A modified version of the 
domain- and motivational based planner of Del Soldato and Du Boulay (1995) was combined with our system's 
model of tutoring and learning and its student modeling procedures to control the tutoring process. Del Soldato 
and Du Boulay implemented several motivational tactics (confidence, effort and independence) into the 
instructional planner of a tutoring system. These tactics are explicitly represented in the tutor's planning 
mechanism and combines decisions aiming at enhancing the student's motivation with decisions aiming to 
traverse the subject domain. Decisions such as increasing the student's confidence and providing help when the 
student is lost, are therefore combined. The tutor also includes procedures to detect the student's motivational 
state by representing and updating a model for the student's confidence, effort and independence. 
3.7. Applications of GEORGE in a Course on LP 
Demonstrations of various kinds can support the lecturer in presenting a course. The NLU-based Modeler can 
be used to demonstrate to students how mathematical models are built for LP problems; the LP Solver can be 
used to demonstrate how the two phase method, Vogel's method, the transportation algorithm, the Hungarian 
method and the dual simplex method are used to solve LP problems; and the Solution Analyzer can be used to 
demonstrate how a sensitivity analysis is performed on the optimal solution of a LP problem. Simple animation 
graphics can illustrate the model building process and solution procedures by means of animated flow- and step 
charts. Animations can also complement the demonstrations of the NLU-based Modeler and the Solution 
Analyzer by visualizing textbook descriptions of LP problems and by animating sensitivity analysis procedures. 
Traditional classroom lectures can be supported further by the following presentation elements and modules. 
Step-by-step tutorials which can provide coaching on specific topics; drill-and-practice exercises which can 
provide practice activities on LP techniques; teaching games which can provide coaching in an entertaining 
way; CAT which can provide a computerized testing facility; the "artificial mentor and -psychologist" which 
can provide psychological advice to students; the various models of teaching/tutoring and learning which can 
inform students about their learning and teaching style preferences and learn them how-to-learn, and the 
thinking style based assistant which can teach students how-to-think skills. 
The complete learning style- and computer based tutor can deliver part of the curriculum by computer instead of 
by traditional methods. It can therefore be utilized as a replacement for part of the traditional lectures. 
Our framework also provides an environment for calculations to the student: The LP Modeler enables him to 
build mathematical models of LP problems; the LP Solver allows him to solve LP problems of his choice; and 
the Solution Analyzer enables him to perform a sensitivity analysis on the optimal solution of an LP problem of 
his choice. 
The student can also use presentation elements to fill gaps in his knowledge and to broaden his experience of the 
taught material. The following elements may come in handy: The point-and-query interface which can be used 
by the student to quickly fmd an answer to a burning question; a set of practical and theoretical readings on LP 
which can be used to broaden the student's experience; mind maps which can be used to summarize the taught 
material and to provide an exploratory environment to the student; and LP Emicher which can be used to supply 
an "environment for the gifted" by applying De Bono's thinking skills (from the CORT thinking program (De 
Bono, 1993c; De Bono, 1994)) to topics from LP. 
4. An Overview of the Contents and the Goals of Each Chapter 
The primary goal of chapter 2 is to break down the title of this study 
"A Conceptual Framework for the Development of Intelligent, Learning Style- and Computer Based Educational 
Software for topics ji-om Operations Research" 
into the following three components 
• An intelligent computer-based educational system, 
Stellenbosch University  https://scholar.sun.ac.za
9 
• Educational software for operations research, and 
• The construction of a conceptual framework for such a system, 
And to then consider how each of them fit in within a wider context. 
The role of the proposed conceptual framework within the context of different types of educational software and 
the position of the proposed conceptual framework in relation to other existing educational software for topics 
from operations research are therefore considered. Sets of general and specific principles for the design of the 
proposed conceptual framework are also formulated. 
The main goal of chapter 3 is to develop a computer model that builds mathematical models of linear 
programming problems directly from text book descriptions, that solves these models, that performs a sensitivity 
analysis on the resulting optimal solutions and that generates large amounts of tutoring and testing material for 
the tutorial module. This computer model should be integrated within an intelligent tutoring environment as the 
domain expert module and should also be usable within the traditional classroom. In both environments it 
should be used to teach students about formulating mathematical models of linear programming problems, about 
solution procedures for these models and about ways to investigate the sensitivity of the resulting solutions. 
Natural language processing should be investigated as a way to develop this computer model. 
By developing this computer model, this chapter will also try to contribute to the construction of a general 
framework for the development of intelligent, computer-based educational software for topics from operations 
research, to the development of computerized modules that demonstrate the most important techniques 
discussed and developed in this chapter ; and to the development of a series of independent modules that could 
be used to improve the quality of traditional classroom instruction and that could be integrated within newly 
created computerized tutoring environments (see demonstration programs in appendix 15). It will also provide 
novel ways, because the LP modeling component simulates a human expert's thought processes, on how to use 
technology to improve the quality of engineering- and more specifically LP education. 
The goal of chapter 4 is to create a user friendly interface for the presentation module of my intelligent, learning 
style- and computer based tutor. An electronic performance support system (EPSS) will form the basis of this 
interface. It will utilize a whole range of presentation elements to present the material to the student. Because 
this interface will have to function within a learning style based tutoring environment, it will be important for it 
to be able to accommodate the preferences of different types of users. The various presentation elements of the 
EPSS will therefore have to accommodate different learning styles. Chapters 7-10 will investigate these 
associations between presentation elements and learning styles in detail. What will be done in chapter 4 is to 
investigate how a study of visualization techniques can help us to accommodate both the visualizer and the 
verbalizer within a simple EPSS and how these techniques can actually help us to develop a more effective 
EPSS. 
Chapter 5 describes the development of CAMP FILE 2005. CAMP FILE 2005 is an attempt to provide a 
general framework within which the following goals are addressed: 
1. To incorporate learning style and teaching and learning models into teaching systems; 
2. To integrate within the curriculum of the tutor elements on how-to-think, how-to-learn, and how-to-teach 
(three essential skills of the 21 st century); 
3. To develop a so-called artificial mentor and -psychologist that could be integrated within the tutoring 
environment and could be used to provide psychological help and to integrate essential skills for the 21 st 
century within the learning environment. 
4. To develop computerized modules that demonstrate the most important techniques discussed and developed 
in this document; and 
5. To develop a series of independent modules that could be used to improve the quality of traditional 
classroom instruction and that could be integrated within newly created computerized tutoring 
environments. 
CAMPFILE 2005 consequently implements a curriculum for the 21 st century that covers learning how-to-learn, 
learning how-to-teach, learning how-to-think, learning how-to-be-creative, emotional education, personal 
growth, and citizenship- and life skills within an electronic, interactive educational system. Chapter 5 provides 
a broad overview of the system. 
Stellenbosch University  https://scholar.sun.ac.za
10 
Chapter 6 introduces the reader to the learning style concept and a number of learning style inventories, it 
provides an overview of the application of various learning style models within both traditional classroom and 
within computer-based educational settings, it stresses the importance and value of a learning style based 
approach and it introduces the reader to the way I think learning style and teaching and learning models should 
be incorporated into teaching systems. 
Five teaching and learning assistants are introduced. They are usable both within traditional classroom settings 
and within computer-based tutorials. Within both these environments they can be utilized to teach students 
about learning styles and on how-to-learn, and within traditional settings it can also be used to teach teachers 
how-to-teach, to "teach around the cycle and to accommodate the learning style preferences of all its students. 
Within computer-based tutors these assistants can provide the tutor with advice on which tutoring strategy to 
follow in order to individualize a student's instruction and to accommodate his learning style preferences. 
The goal of chapter 7 is to formulate five models of teaching and learning that can be used both within 
traditional classrooms and within computer-based learning environments. The models make use of, or are based 
on, Kolb's LSI, a MBTI test, Neethling's Brain Profile test, Felder and Soloman's index of learning styles, visual, 
auditory and kinesthetic preferences, and Gardner's theory of multiple intelligences. The following seven 
computer-based teaching I tutoring and learning assistants were developed to implement these models: 
1. A teaching I tutoring- and learning assistant based on Kolb's Problem Solving Styles; 
2. A teaching I tutoring- and learning assistant based on Personality Types; 
3. A teaching I tutoring- and learning assistant based on Neethling's Left- and Right Brain Preferences; 
4. A teaching I tutoring and learning assistant based on V AK (visual, auditory and kinesthetic) preferences; 
5. A teaching I tutoring and learning assistant based on Gardner's theory of multiple intelligences; and 
6. Two teaching I tutoring and learning assistants based on Felder and Silverman's model of teaching and 
learning - one based on the results of Kolb's LSI, a MBTI test, La Haye's temperament test, the visualizer-
verbalizer questionnaire and the study preference questionnaire, and the other based on Felder and 
Soloman's index of learning styles. 
The procedure behind each of these assistants will be sketched, an illustrative example of each will be given and 
a demonstration session of each in action will be provided. Screen captures from the actual implementations 
will be listed. 
A theory for a general learning style based approach towards tutoring evolved from the implementation of these 
seven assistants and is sketched and illustrated. Plus, minus and interesting points about this theory and the 
seven teaching I tutoring and learning assistants are also provided. 
Chapter 7 tries to address the following goals of this study: 
a) To construct a general framework for the development of intelligent, computer·based educational software 
for topics from Operations Research; 
b) To incorporate learning style and teaching and learning models into teaching systems; 
c) To construct a student model that could be transferred to other systems and domains; 
d) To integrate within the curriculum of the tutor elements on how-to-think, how-to-learn, and how-to-teach 
(three essential skills of the 21 st century); 
e) To develop computerized modules that demonstrate the most important techniques discussed and developed 
in this document; 
f) To develop a series of independent modules that could be used to improve the quality of traditional 
classroom instruction and that could be integrated within newly created computerized tutoring 
environments; and 
g) To provide novel ways on how to use technology to improve the quality of engineering- and more 
specifically LP education. 
The main goal of chapter 8 is to investigate and demonstrate how fuzzy expert- and fuzzy decision making 
systems can be used to improve the general learning style based approach towards individualized tutoring that 
was sketched in chapter 7 and to provide strategies/ways on how the three major shortcomings of this approach 
can be overcome. The incorporation of fuzzy expert systems in the general procedure of chapter 7 can ensure 
that the degrees to which the student prefers the various dimensions of the learning style are described. Fuzzy 
decision making systems can help to make sure that the decision regarding the most appropriate tutoring mode is 
taken a more scientific basis. Fuzzy expert- and fuzzy decision making systems can also be combined - they can 
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then describe the degrees to which the student prefers the various dimensions of the learning style and also the 
degree to which each presentation element suites each of the dimensions of the learning style. 
Chapter 9 introduces the concept of thinking styles and uses it as the basis of a computerized assistant that 
individualizes tutoring and the teaching of thinking within my conceptual framework. 
The theory of thinking styles provides an ideal way to individualize the teaching of thinking. The principles that 
styles are teachable and socialized and that people differ in their stylistic flexibility open up doors for further 
applications of thinking styles: They could be used to develop people's stylistic flexibility, to strengthen 
people's strong thinking styles, and to develop their less favorite ones. The principles that styles are measurable 
and that people have profiles of styles and an assumption that different aspects of thinking are associated with 
the various thinking styles further imply that they could possibly be used to individualize the teaching of 
thinking. Activities that involve De Bono's thinking skills exercises and the principles of teaching thinking will 
be used in the process. A thinking style based approach towards individualized teaching of thinking is 
consequently presented in chapter 9. 
Because thinking styles are very closely related to learning styles, it can also be used to individualize teaching I 
tutoring. The principles that styles are measurable, that people have profiles of styles and that styles are variable 
across tasks and situations imply that they could be tailored to fit an individual's needs and preferences. This 
also implies, if we assume that specific instructional methods are more suited to one style than the other, that 
they could be individualized within my conceptual framework. A thinking style based approach towards 
individualized tutoring is therefore also presented in chapter 9. 
Chapter 9 is consequently dedicated to the theory of thinking styles and to applications thereof within my 
conceptual framework. 
One of this research project's major objectives is to design a practical and effective student model that can be 
transferred to other systems and domains. It is the aim of chapter 10 to complete the description of this model -
a description that was already started in the previous four chapters (6, 7, 8 and 9). 
This description includes the introduction of an assessment matrix. This matrix is used to monitor the student's 
progress through the learning material, to keep a record of both recommended tutoring strategies and strategies 
actually used and chosen by the student, to determine the student's level of expertise, to diagnose possible 
problem areas, to launch remediative actions and to intelligently identify the most successful strategies. 
One of the other main goals of this study was to investigate techniques from artificial intelligence and how they 
can be used within my conceptual framework and improve it. Chapter 10 is therefore also used to provide an 
overview of how fuzzy logic can be used in student modeling, that is apart from adapting the tutoring according 
to the student's learning style preferences (as was described in chapters 8 and 9). It is demonstrated how a fuzzy 
model of the student's expertise level can be incorporated within my conceptual framework and how it can be 
used to improve the performance and functionalities of the tutoring environment. 
The various fuzzy models of teaching/tutoring and learning of chapters 8 and 9 may, in some cases, fail to 
produce a tutoring strategy that exactly matches a student's real preferred strategy. It can therefore happen that 
the student selects a set of presentation elements that does not exactly match the strategy proposed by the 
models of teaching/tutoring and learning. This mismatch between the recommended tutoring strategy of a 
student and the student's actual preferences can be addressed by the incorporation of self-improving 
mechanisms. Chapter 10 also introduces the reader to self-improving systems, it investigates how a machine 
learning algorithm (induction) can be used to address this shortcoming and it explains how neural networks can 
also be used to solve this problem. 
Del Soldato & Du Boulay (1995) implemented several motivational tactics into the instructional planner of a 
tutoring system. These tactics are explicitly represented in the tutor's planning mechanism and combines 
decisions aiming at enhancing the student's motivation with decisions aiming to traverse the subject domain. 
Decisions such as increasing the student's confidence and providing help when the student is lost, are therefore 
combined. The tutor also includes procedures to detect the student's motivational state by representing and 
updating a model for the student's confidence, effort and independence. 
I modified the domain- and motivational based planner of Del Soldato and Du Boulay for my tutoring 
environment, and combined it with different models of teaching/tutoring and learning and the student modeling 
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procedures that were sketched in chapter 10 - a fuzzy model of a student's expertise level, the assessment matrix 
and the procedure that utilizes induction to revise tutoring strategies. The result is the domain- and motivational 
based planner that is described in chapter 11 . 
The sets of if-then rules that are used to model the student's confidence-, effort- and independence levels and 
which are used to control the tutoring process are listed. A general procedure that incorporates models of 
teaching/tutoring and learning, the student modeling techniques from chapter 10 and these if-then rules is also 
outlined and illustrated. 
A computerized domain- and motivational based planning assistant that utilizes this general procedure was 
developed to assist tutors (human teachers and computer-based tutoring systems) in improving the quality of 
their teaching and to enable them to better model the preferences of their students. Screen shots of this tool, 
together with the relevant explanations, are provided. 
The fmal chapter, chapter 12, has a twofold purpose. Firstly, to evaluate the proposed conceptual framework in 
terms of how well the goals of study were met, on which contribution it made to knowledge in the field of 
computers in education, on how well it measured up against the design principles that were set in chapter 2, and 
on how it was critiqued by externals. And secondly, to describe how the proposed conceptual framework can be 
extended to other domains and also to spell out some further avenues for future research. 
Comment: 
It is the intention of the author to use gender-neutrallanguage throughout this document. Inclusive language, 
like (s)he and her/his, is used in many cases. On other occasions only one of he or she, or, her or his, is used. 
No specific gender is implied in these cases - it is only used to make the document read more easily. 
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Chapter 2 
Intelligent Educational Software for Topics from Operations 
Research. 
1. Goals and Layout of the Chapter 
The primary goal of this chapter is to break down the title of this study 
"A Conceptual Framework for the Development of Intelligent, Learning Style- and Computer Based Educational 
Software for topics from Operations Research" 
into the following three components 
• An intelligent computer-based educational system, 
• Educational software for operations research, and 
• The construction of a conceptual framework for such a system, 
And to then consider how each of them fit in within a wider context. 
Section 2 therefore looks at the role of the proposed conceptual framework within the context of different types 
of educational software, section 3 considers the position of the proposed conceptual framework in relation to 
other existing educational software for topics from operations research, and section 4 formulates a set of general 
and specific principles the design of the proposed conceptual framework should be based upon. 
2. The Proposed Conceptual Framework Within the Context of Different 
Types of Educational Software 
Several modes of computer-based instruction exist. The most frequently reported ones are tutorial programs, 
drill and practice programs, test and questionnaire programs, simulation programs, problem solving programs, 
instructional game programs, browsers of hypermedia systems, cognitive amplification networks and open-
ended learning environments (OELE's). Some of these are pure didactic, expository and demonstrative in 
nature, others are exploratory microworlds and cognitive learning tools. 
The didactic modes use the computer as a tutor to present instruction or practice opportunities to the learner. 
The material is normally presented in a preplanned, systematic way. Individualization is sometimes 
implemented. Learning is viewed as the acquisition of cognitive structures and procedures. 
The exploratory modes are far less systematic and advances the idea of using the computer as a tool. 
Phenomena are presented and the student can investigate them by enquiry or discovery. 
Cognitive tools are used to focus, support, guide and extend the thinking or analytical processes of the learner. 
They are knowledge construction and facilitation tools and can be applied in a variety of subject domains. 
The different modes of computer-based instruction are briefly described below. These descriptions are taken 
mainly from Oberem (1986) and Kotze & De Villiers (1996) (section 2.1 - 2.9). An introduction to the 
application of techniques from Artificial Intelligence in CBE is also provided. The role of these different modes 
within my proposed conceptual framework are discussed in section 2.12. 
The primary goal of this section is to provide the reader with an overview on what types of computer-based 
educational programs are available and to put the proposed conceptual framework within the context of these 
existing types of educational software. 
The following II types are discussed: 
1. Tutorial programs; 
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2. Drill and practice programs; 
3. Test and questionnaire programs; 
4. Simulation programs; 
5. Problem solving programs; 
6. Instructional game programs; 
7. Browsers of hypermedia systems; 
8. Cognitive amplification networks; 
9. Open-ended learning environments; 
10. Intelligent tutoring systems; and 
11. Expert Systems, Compact Disc Interactive and Interactive Video Instruction. 
2.1. Tutorial Programs 
Tutorials attempt to imitate the human teacher in offering one-to-one instruction. The instructional objectives 
are typically well defined. An interactive dialogue between the system and the learner takes place. It consists of 
the presentation of information (for example skills and concepts) and practice opportunities. Feedback from the 
system, that is based on the student's response to questions and exercises, is also part thereof. Tutorials can 
include several events of instruction: Gaining of attention, testing and reviewing of prerequisite skills, informing 
of learning objectives, presentation of new content and stimuli by means of guided learning and questions that 
focuses the student's attention on important aspects, assessing performance, and enhancing retention and transfer 
of newly obtained skills. Tutorials are therefore a didactic mode. It may include both expository and discovery 
type of learning. 
Oberem (1986) identified a whole range of limitations of traditional tutorial programs: The emphasis tends to be 
on imparting knowledge rather than encouraging learning; branching is normally only determined by the user's 
most recent response; the path through lessons in branched programs is pre-conceived and relatively inflexible; 
the criteria for branching must be explicitly stated in advance; the text within a frame is fixed in such a way that 
the program cannot adjust its difficulty level; the computer maintains a tight control over the sequence of 
learning; the teaching strategy is usually fixed; responses made by the student must be anticipated by the 
tutorial's author; very little freedom is left for initiative on the part of the learner; very little account is taken of 
the user's prior knowledge or misconceptions; a student model is generally not used; and tutorial programs are 
generally very large and have a complex structure. 
2.2. Drill and Practice Programs 
Drill and practice programs follow the instruction of basic skills by providing extensive practice in sub-skills. 
Drill and practice systems ask questions and provide feedback. The aim of these questions is to enhance 
retention and transfer. Compare this to the questions in tutorials which are used to direct the student and to 
check for any misconceptions. Drill and practice programs strengthen already learned associations and build 
skills in concept classification and the use of rules. 
These programs have a number of serious shortcomings (Oberem, 1986): Most of them do not maintain a 
detailed dynamic model of the student with whom they are working (as some teachers do); the programs are not 
sensitive to the needs of individual students (as teachers ought to be) and therefore cannot adjust the level of 
difficulty and presentation strategy accordingly; coaching is usually not part of these programs; strategies to 
identify areas of difficulty and misconceptions are not provided; and the algorithms which are used for item 
selection and retirement are often rudimentary. 
2.3. Test and Questionnaire Programs 
Test and questionnaire programs use the computer for pure assessment purposes. Some form of integrated 
assessment is used during the instructional process in both the didactic and the exploratory modes. The 
computer can also be used effectively for separate tests or questionnaires which do not form part of such 
integrated computer-based material. 
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2.4. Simulation Programs 
Simulation programs are computerized presentations of real-world problems. They require integration and 
synthesis of the subject matter lmowledge. Some simulations teach about something, other teach how to do 
something. 
Simulations are often used to replicate or emulate the features of a task for which training in real life may be 
hazardous, very difficult or costly. Learning from simulations is mostly a trail-and-error or discovery learning 
process which involves self-generated learning guidance. The learner manipulates parameters, makes decisions 
and observes the consequences of his actions in the simulation. 
Simulations seem to be the .most useful of the traditional modes. Students value the control and the level of 
decision-making vested in them. This freedom and the flexibility to explore in a natural way build insight and a 
sense of satisfaction. They also develop a sense of confidence with the model being investigated. 
Simulations are, however, as in the case of drill and practice programs, seldom an efficient instructional 
strategy. Additional external events of instruction will have to be provided by either the teacher or the system. 
Most simulations lack important instructional events such as the recall of prerequisite skills, the provision of 
structured learning guidance and corrective feedback. Simulations are very effective when used as experiential 
enrichment of skills taught in some other way. 
2.5. Problem Solving Programs 
Computer-based problem solving exercises may range from those in which a problem statement is presented to 
the student who is then expected to work out a solution and type in only the final answer to tutorials in which 
the student is led through the solution step by step by means of a suitable interface. 
Although students fmd this kind of programs generally acceptable, it too has some serious limitations: 
Because of fixed problem statements and a student which often has a particular problem he wishes to solve, the 
computer will often select a problem which may be less relevant than the one the student has requested and may 
therefore cause frustration. 
There are often several ways to solve a problem. The problem solving program may constrain the learner by 
selecting a different valid method than the one he has chosen and by rejecting the learner's approach. This may 
be particularly frustrating for beginning students. 
A teacher wishing to assign a program of this kind for his students may not be able to enter the problem he 
wishes to set and them problem solving approach he wishes to teach may also differ from that taught by the 
program. 
The computer also retains tight control of the initiative and the student is not free to ask questions or make 
statements about his own state oflmowledge. He cannot change the path of the discussion. 
2.6. Instructional Game Programs 
Instructional game programs are used as motivational approaches to reinforce skills and information already 
taught. They can be seen as similar in purpose to drill and practice and some simulation systems. 
2. 7. Browsers of Hypermedia Systems 
These systems represent prerecorded networks of concepts which can be freely traversed by the student. He can 
make navigation decisions but cannot add or change the material presented to him. 
Browsers are seldom an efficient instructional methodology unless additional external events of instruction are 
provided (either by the teacher or the system itself) . They therefore suffer from a limitation similar to drill and 
practice and some simulation programs. Most hypermedia browsing systems merely support information 
retrieval and do not actually teach. They also lack important instructional events such as the recall of 
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prereqms1te skills, the provision of structured learning guidance, performance assessment and corrective 
feedback in the case of misconceptions. 
An advantage of these systems is that by navigating through the network of information in an individualistic 
way, the user can access information when it is relevant and best anchored to his own knowledge structure. 
Learners that interact with such systems make their own navigation decisions and are therefore more involved 
with the subject materials than passive readers of linear text- another advantage. 
2.8. Cognitive Amplification Networks 
These networks are hypermedia cognitive construction tools which enables the learner to interrelate ideas he is 
studying into multidimensional graphical semantic networks. Cognitive amplification networks represent 
concepts maps of the learner's perceptions and knowledge structures on a specific domain. A browser may 
become a cognitive tool if its functionality is extended to include the ability to create or edit nodes, create or edit 
links and for the learner to add his own functionality to the system. 
2.9. Open-ended Learning Environments 
Open-ended learning environments (OELEs) is a fairly new approach to computer-based instruction and departs 
from traditional teaching and learning approaches. It allows the learner an independent way of acquiring 
knowledge by means of problem solving using higher-order processes such as hypothesizing, exploration, model 
building and experimentation. 
Compared to the directed learning approach which involves the systematic acquisition and retention of 
externally defmed knowledge and skills, the open-ended learning approach refers to processes where the 
intentions and purposes of the individual are uniquely pursued. The learner determines what is to be learned, 
how it is to be learned, when or if certain learning goals have been met and what (if any) subsequent steps need 
to be taken to promote this learning. 
The scope of these environments varies from content-dependent cognitive tools such as microworlds where 
relatively narrow but well-defmed concepts are presented, to macro-level contexts in which larger sets of 
knowledge and skills are integrated. The subject content can vary from specific isolated sections through to a 
fully integrated, cross-discipline subject content. 
Leamer activities range from directed responses and the involvement of cognitive processes specifically 
associated with defined outcomes, through to generative, where the student employs his own cognitive resources 
to identify, elaborate and interpret concepts. 
This mode of instruction can therefore vary in nature from highly didactic through to total discovery learning. 
2.1 0. Artificial Intelligence in Computer-based Education 
In an attempt to address the shortcomings of traditional CAl modes (tutorials, drill and practice, test and 
questionnaires, simulations, problem solving programs and instructional games), researchers in the field of 
artificial intelligence made use of their specialized techniques to develop intelligent tutoring systems (ITS) (also 
known as intelligent CAI). In traditional CAl the emphasis was on how to present information using the 
medium of the computer screen (Oberem, 1986). Intelligent CAl attempts to make the computer an effective 
teacher. To achieve this an attempt is made to build into the program a representation of the teaching process. 
Sleeman & Brown (1982) suggest that this can be achieved if the system has its own problem-solving expertise, 
its own diagnostic or student modeling capabilities and its own exploratory capabilities. It should also have 
explicit control over the tutoring strategies. 
Self (1974) concludes that this requires the representation of three distinct areas of knowledge within the 
program, namely knowledge of what is being taught, knowledge of how to teach (which includes knowledge of 
students in general), and knowledge of who is being taught (one student in particular). 
These goals are achieved, according to most descriptions of ITS, by utilizing four modules, i.e. the tutorial 
module, the dialogue manager module, the domain expert module and the student model module. Whitaker & 
Bonnell ( 1992) described these four modules as follows (further descriptions of these four modules and its 
functions, specifically aimed at operations research, are provided in section 3.2) .. 
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2.10.1. The Tutorial Model 
The tutorial module consists of four components, namely a lesson selector, a presenter, an intercession 
scheduler and a curriculum planner. 
The lesson selector selects and sequences the material which is to be presented from the curriculum. The 
student's performance will decide whether a remedial lesson will be chosen or whether the current lesson can be 
skipped (because the student already knows it). In other words, the lesson selector decides "what to do next". 
The presenter chooses the presentation method. This decision is based on the material and the student's needs, 
abilities and preferences. It presents the "what to say" to the student. The "how to say it" is handled by the 
dialogue manager module. 
The intercession scheduler decides "when to interrupt". This decision is based on the student's steps in solving 
the problem, on data reflecting how frequently a student should or could be interrupted without becoming 
irritated and frustrated, on information in the student model which relates to the student's needs and preferences, 
and on the importance of the information to be communicated to the student's immediate ability to make 
progress. 
The curriculum planner produces the curriculum for teaching the domain knowledge. The curriculum is 
explicitly represented and takes prerequisite knowledge for each lesson into account. The knowledge-
connecting lessons are explicitly specified and lessons which are being presented for the second time are being 
approached differently. The curriculum is dynamic and changes as the knowledge of the student changes. It is 
adapted to the student's needs and preferences. 
2.10.2. The Dialogue Manager Module 
The dialogue manager module handles the communication between the tutoring system and the student. It 
consists of two components: A student-to-tutor interpreter and a tutor-to-student interpreter. 
The student-to-tutor interpreter interprets the student's inputs and convert them into a form that can be used by 
the tutorial module. The student's input can be in the form of text, graphical images, natural language, voice, a 
command language, a touch tablet or some other form of input. 
The tutor-to-student interpreter converts the output of the tutorial module to a form most appropriate for the 
student and chooses the most appropriate media for presentation. The media for presentation can be text, 
graphical images, voice, and so forth. Information in the student model about the student's needs and 
preferences are taken into consideration in deciding on the most appropriate presentation technique. 
2.10.3. The Domain Expert Module 
The domain expert module contains the knowledge and problem-solving abilities of an expert in the domain. It 
is used to provide an expert solution to the student or as a standard to which the student can be compared. It has 
the five components, namely a problem analyzer, a pertinent information selector, a problem solver, a planner 
and a solution evaluator. 
The problem analyzer examines the problem statement to determine what knowledge is needed to solve it, it 
selects an appropriate internal representation of the problem and translates the problem to the desired 
representation. The internal representation influences the domain expert's view of the problems, the way it will 
be solved and possibly also the final solution. · 
The pertinent information selector searches through the domain knowledge to see what knowledge is applicable 
to the problem and particularly the knowledge which was identified by the problem analyzer. 
The planner uses this information to select an appropriate problem-solving strategy and applies it to the 
problem. A problem-solving plan is produced. The problem solver applies this plan to solve the problem. 
The solution evaluator reviews the solution for its adequacy and efficiency in the given situation. It makes a 
recommendation regarding any further action required in solving the problem. 
Stellenbosch University  https://scholar.sun.ac.za
18 
2.10.4. The Student Model Module 
The student model module contains a representation of the knowledge which the tutoring system has about the 
student. This typically includes knowledge about which concepts and/or skills the student has mastered, his 
misconceptions, his ability to solve problems of a particular kind, his learning style preferences, and his progress 
in an on-going discussion. Domain specific items of declarative knowledge which the student has shown that he 
has, are also stored. Background information about the student's history and his personal characteristics are also 
part of this module's data because it can influence the system's pedagogical decisions. 
The student model module consists of three components, namely the plan recognition system, the critic and the 
model manager. 
The plan recognition system is responsible to infer the student's plan from his actions. The student's plan is a 
sequence of actions designed to achieve a goal. This goal is the result that the student is working to achieve. 
After the student's plan has been interpreted and supplied by the plan recognition system the path of the student's 
mental states can be analyzed by the critic to provide knowledge of the student's beliefs and his misconceptions. 
The critic compares the student's solution to a problem with the domain expert's. It then makes 
recommendations to the model manager. 
The model manager then uses this information, together with information from other sources, to update the 
student model. 
2.10.5. A Classification of ITS's 
Whitaker & Bonnell (1992) classified ITS's according to the type of learning that is provided for. They 
distinguished between the following eight classes ofiTS's: 
In an ad hoc frame-oriented ITS the tutorial material is organized into frames and drill and practice learning 
programs are used. Each frame is associated with a node in the curriculum and the whole curriculum is stored in 
a predefmed structure. The student progresses from one node of the curriculum to another based on his 
responses to the drill and practice exercises. The system adapts to the student's responses and is in complete 
control of the tutoring .. 
In an ITS that is based on discovery learning (microworlds), on the other hand, the student is in complete 
control and no control is provided by the system. The student is free to interact with the system and can use any 
of the tools which are provided by the environment. He uses them to discover concepts. LOGO is an example 
of a discovery learning system. 
A Socratic ITS or a question and answer learning environment uses a mixed-initiative control. The student 
can ask the ITS questions about an area of interest and the ITS can question the student about topics that are 
relevant to a particular phase of the curriculum. The topic can be changed by either the system or the student 
and this can happen at any point in the discussion. SCHOLAR is an example of a Socratic ITS (Carbonell, 
1970). 
SOPHIE (Brown & Burton & De Kleer, 1982) is an example of an ITS that is based on reactive learning 
environments. The student can perform experiments on a system. The system responds by enabling the student 
to see the effects of his actions. It therefore allows the student to formulate hypotheses about the system and to 
check their validity. 
In a learning by doing ITS the student is given a problem to solve. The system responds and critiques the 
solution. The system's goal with this is to broaden the student's knowledge. GUIDON (Clancey, 1987) is, 
according to Whitaker & Bonnell (1992), an example of a learn by doing ITS. 
WEST (Burton & Brown, 1982) is an example of a system which uses a learning-while-doing scenario. The 
student's primary goal is to accomplish a given task. The system observes the student's actions, tries to infer the 
student's goal and provides coaching as it considers best. 
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In a diagnostic tutor the system attempts to identify the student's misconceptions but does not provide any 
tutoring - this is left to a human teacher that is assumed to be available to provide teaching based upon the 
knowledge of the student's misconceptions. BUGGY (Burton, 1982) is an example of a diagnostic tutor. 
And finally, in a learning by explanation ITS the student questions the ITS and the system responds with 
explanations. 
2.10.6. Research Activities in the Field of Artificial Intelligence in Education 
In order to make ITS's more effective, researchers and developers have tried to incorporate intelligence in the 
areas of curriculum and tutoring, communications and student modeling, i.e. in all four modules described 
above. Research activities that link artificial intelligence theories and techniques with educational theory and 
techniques nowadays include the following topics: Agents, architectures, authoring systems and tutoring shells, 
case-based systems, cognitive development, cognitive diagnosis, collaboration and collaborative tools, 
computer-assisted language learning, conceptual change, educational robotics, evaluation of instructional 
systems, human factors and interface design, intelligent multimedia and hypermedia systems, ITS, knowledge 
and skill acquisition, knowledge representation for instruction, learning environments and microworlds, 
modeling pedagogical interactions, motivation, natural language interfaces, networked learning and teaching 
systems, non-standard and innovative interfaces, principles and tools for instructional design, social and cultural 
aspects of learning, student modeling, higher order thinking skills and metacognition, theories of teaching, and 
visual and graphical interfaces. (Bma & Paiva & Self, 1996) 
My framework incorporates the artificial intelligence techniques of natural language understanding, fuzzy expert 
and fuzzy decision making systems, induction and neural networks into my environment, and touches on the 
research topics of tutoring shells, cognitive development, cognitive diagnosis, evaluation of instructional 
systems, human factors and interface design, ITS's, modeling pedagogical interactions, motivation, natural 
language interfaces, principles and tools for instructional design, student modeling, higher order thinking skills 
and theories of teaching. 
2.11. Expert Systems, Compact Disc Interactive and Interactive Video Instruction 
2.11.1. Expert Systems in Education 
An expert system is a computer program that uses symbolic processing, is easily modified to include new rules, 
searches by using heuristics, can respond to questions asking for explanations like "why" and "how", and whose 
input I output reflects "skilled activity" such as reasoning. It is usually an assistant to rather than a replacement 
of the human expert (Lippert, 1989a; Lippert, 1989b). 
Expert systems play a very important role in the training domain: They decrease the training time to transform a 
novice into an expert and increases the number of trainees that successfully reach this level. In education they 
can be used as extrinsic work tools (products) or to facilitate the experiential learning process of intrinsic skills. 
The latter includes intelligent tutoring systems (described in the previous section) and micro worlds. 
Microworlds are based on discovery learning, constructivism and information processing paradigms. They are 
"artificial realities" for experiential learning. Suppose a student is studying the concept of gravity. A 
microworld could be used to simulate gravity on earth, on the moon, or on Jupiter. The student can vary the 
constants and variables in order to assess their specific influences on the phenomenon. 
2.11.2. Compact Disc Interactive (CDI) 
Compact disc technology can transform a personal computer into a multimedia learning station through the use 
of a CD-ROM drive. (Philips IMS, 1992a; Philips IMS, 1992b; Philips IMS, 1992c) 
An example of a courseware product which was developed for this technology is Skill Builder from the National 
Education Training Group in the USA (NETG, 1993). Skill Builder courseware's multimedia architecture 
provides a guided learning path, a topic index and work support, all while using the actual software application 
being learned. It also includes a comprehensive reference center which may be accessed at any time during or 
after the course delivery. Skillbuilder can be used to provide training for application software like Microsoft 
Windows, Microsoft Excel, Microsoft Word, Lotus, WordPerfect, DOS and Knowledge Ware. 
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Interactive instruction combined with audio assistance makes working in Skill Builder's environment a lasting 
resource that is easy to use. The need to become experts in a new training system disappears with Skill Builder. 
As skills develop, students will only have to concentrate on the new application and do not have to worry about 
learning how the training system works. 
2.11.3. Interactive Video Instruction (lVI) 
IVI combines the interactivity of the personal computer with the sensory impact of video, sound and graphics. 
The result is an effective, consistently delivered instructional message which takes advantage of the information 
processing capabilities of a personal computer, the high resolution, random access video input from a laser 
video disc player, and a touch-screen monitor, mouse or keyboard which facilitates the user-friendly interaction 
between the student and the content to be mastered. (National Education Training Group Inc., 1993) 
The combination of visual presentation with audio explanation delivers information in an easily understood 
format and makes an lVI learning experience especially effective. By further combining this sensory 
stimulation with interaction with the material being studied, the learning experience is optimized. Knowledge is 
transferred most effectively and the student's comprehension is maximized. 
2.12. A Combination of Different Modes within the Proposed Conceptual Framework 
The proposed conceptual framework constructs an individualized tutoring strategy for each student and utilizes 
this strategy to present the course material to the student. This strategy matches the student's preferred learning 
style and consists of a number of presentation elements (see chapter 4 for a description of these presentation 
elements). A study of these presentation elements reveals that they are actually implementations of the different 
types of educational software that are described above. 
For example, the step-by-step tutorials and the coaching elements of chapter 4 are implementations of the 
"tutorial programs" classification; the drill-and-practice activities of chapter 4 are implementations of the "drill 
and practice programs" classification; the computerized adaptive testing procedures are part of the "test and 
questionnaire programs" classification; the animation procedures that make pictures of linear programming 
problems and of the sensitivity analysis procedures, as well as the animated flow- and step charts of chapter 4, 
can be seen as "simulation programs"; the natural language understanding modeler and computerized problem 
solver of chapter 3 are implementations of the "problem solving programs" classification; and the thinking and 
teaching games of chapters 4 and 9 are implementations of "instructional game programs". 
The conceptual framework as a whole is designed on the principles of intelligent tutoring systems (see section 
4), and is therefore described as an "intelligent", learning style based tutor of topics from operations research. 
The framework also utilizes expert systems, but only in its internal decision making and not to present material 
to the student. 
3. The Proposed Conceptual Framework Within the Context of 
Educational Software for Topics from Operations Research 
Computer-based learning material are particularly suitable for topics from mathematics, statistics and operations 
research (Bishop, Beilby & Bowman, 1992). The objectives of this section are to summarize 
I. Reasons why computers are extremely suitable to support the teaching of operations research; 
2. The potential application of an intelligent tutoring system to topics from operations research; 
3. Existing software packages that are already in use in the teaching of operations research; and 
4. How the proposed framework can support various approaches to the integration of computers in the 
teaching ofLP, and other topics from operations research. 
3.1. Why Computers in the Teaching of Operations Research? 
Computer-based education can find candidate applications in the area of OR because there is a high flow of 
students; because OR practitioners are quite often called to deal with expensive, unavailable and unsafe real 
equipment; because critical skill and knowledge must be developed by OR practitioners; because OR training 
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may be conducted at remote sites; because there is a low availability of OR instructors; because there is a need 
for a high volume of recurrent training; and fmally, because OR incorporates algorithmically tractable 
knowledge and expertise (Angelides & Doukidis, 1990). 
3.1.1. High Flow of Students 
Every year there is a high flow of students and a variety of people from related disciplines taking OR courses. 
There are three types of courses which are of particular importance. The first type introduces OR to the student 
as part of a broad course, the second provides vocational training and the third is intended to update or extend 
the student's knowledge. 
At our university, the University of Stellenbosch, OR courses are offered in no less than seven of the twelve 
faculties. Students from the faculties of Engineering, Natural Sciences, Forestry, Economical and Management 
Sciences, Agricultural Sciences, Education, and from the Military Academy are emolled in these courses. 
Computer-based tutoring material can be used as instructional devices in the context of such courses. It can help 
to optimize the effective use of resources (including human resources) and can achieve cost-effectiveness in OR 
training. For our university, for example, you will have, instead of seven or more people conducting the 
different courses, a tutoring system and one or two facilitators. High volumes are necessary for cost-
effectiveness, but are guaranteed because popular OR techniques are expected to be taught for many years to 
come. Mathematical programming (especially LP) is a good example thereof. 
3.1.2. Expensive, Unavailable or Unsafe Equipment 
OR specialists often have to deal with problems that involve the use of prime equipment which is unavailable or 
expensive or unsafe. On-site training may therefore be impractical and in certain cases may involve a high 
degree of risk. In a nuclear power plant, for example, entirely error-free performance is expected and no one 
can afford to make any mistakes. A computer-based simulation program may help solve this problem by 
providing a substantial amount of initial training. 
3.1.3. Critical Skill and Knowledge 
The successful practice of OR requires knowledge of and skills in social and political matters which are not part 
of currently available courses. Despite the fact that there is not full agreement on whether or not these "soft 
OR" skills are in fact teachable, Angelides & Doukidis (1990) are of the opinion that computer-based education 
and training can play an important role in achieving that. This is because suitable courseware that introduce the 
concepts which guide the skills, would allow more rapid learning and more extensive and wide-spread 
development of them. 
3.1.4. Training Conducted at Remote Sites 
Specific OR training may sometimes be urgently required at remote sites. There may, for example, be no 
instructors or appropriate training material and space available and there may be very few trainees. In such a 
case a computer-based training system may be particularly useful as a training tool. 
Tools designed to update or extend a practitioner's knowledge are also often required because of the changing 
nature of the subject matter and methods of OR in practice. Computer-based educational material can easily 
offer itself as a tool to serve this purpose. 
3.1.5. Low Availability oflnstructors 
Generally there is a low availability of appropriate OR instructors. It should be remembered that a good OR 
expert is not necessarily a good trainer and that an expert OR instructor is not necessarily a good OR analyst. It 
could therefore be very useful to incorporate the experience of both in a training environment. Such an 
integration could possibly be achieved within a computer-based tutoring system. 
3.1.6. Algorithmically Tractable Knowledge and Expertise 
Intelligent computer-based educational material can be developed for algorithmically tractable domains, or 
domains that can be reduced to fairly straightforward procedures. Such domains can more easily support 
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practical learning than less tractable ones. For a domain to be tractable the goals must be explicit and well-
defmed, the start state must be known, and all operators and the conditions of their applicability must be known 
for all states in the problem search space. OR techniques are generally algorithmically tractable and highly 
practical. OR is therefore very suitable for tutoring system development. OR areas such as stock control, 
replacement theory, Markovian theory, graph theory, transportation problems, the simplex method and critical 
path analysis all incorporate a set of clear-cut algorithmic methods that can easily form part of a tutoring system. 
The tutoring system could explain these algorithms and then engage the student in a problem solving episode 
where his understanding of the concepts and algorithms will be tested. The system could also offer some 
valuable assistance to the student by keeping track of what has been done and by monitoring his progress to 
ensure that he is succeeding. If something goes wrong the system can highlight any mistakes and educate the 
student to clear any misconceptions. It is also fairly easy to generate a teaching or tutoring strategy. It would 
incorporate an explanation of a technique by going through the algorithm step-by-step in the context of a 
specific example. At every step the system would test the student's understanding by engaging him in a similar 
example. 
It is thus clear that there definitely is potential for the application of computer-based educational systems in OR. 
The application of intelligent tutoring systems in the teaching of OR will be explained in the next section. 
3.2. The Potential Application of Intelligent Systems in the Teaching of Operations 
Research 
Intelligent tutoring systems have the potential of a wide range of applications across a multitude of disciplines 
and subject areas. It could affect training in schools, business, industry and the military. It certainly can also be 
quite useful in OR, either used as prime teaching systems or integrated in existing OR teaching packages. 
An intelligent tutoring system in OR should be able to analyze a wide range of student behavior, model the 
student's current knowledge state and misconceptions, teach in a variety of ways, determine what and when to 
teach, and be able to engage in appropriate interactive conversations. Five major components are needed: The 
domain expert, the student model, the tutor model, the bugs catalogue and an interface (Angelides & Doukidis, 
1990). Compare section 2.10. 
The role of the domain expert is to represent the knowledge and problem solving expertise that the system will 
try and teach to the student, for example, how to build, formulate and solve LP problems and how to perform a 
sensitivity analysis on the solution. 
The student model represents the student's understanding of the material to be taught. The model must be able 
to represent the student's level of OR knowledge - those techniques which the student has acquired, those which 
he has been exposed to and of which he has shown some understanding, and those he has not yet mastered. The 
model must be able to represent misconceptions or erroneous information which the student has, or is suspected 
to have, acquired. The model must be able to represent the student's learning preferences and must be able to 
include a history of the student's problem solving behavior. It must also be able to represent the most effective 
teaching strategy for the student and provide a measure of the student's learning ability and skills. 
If intelligent tutoring is, for example, to be provided on the solution of LP problems with the simplex method, 
the student model must represent the following information: The student's current knowledge and skills of the 
simplex method; the level of performance attained by the student while applying the simplex method to a LP 
problem; the student's misconceptions about the simplex method; the various mistakes the student bas made; 
how the student likes to be taught or advised; and what the most effective strategy for teaching the student is . If 
possible it should also include an indication of the student's performance by filling in a scoring card for the 
student. All this information could possibly be presented as a historical profile of the student's overall behavior. 
The tutor model is the actual instructional system and must have access to knowledge of how to teach specific 
OR techniques (for example the simplex method), knowledge of what is being taught, knowledge of who is 
being taught and knowledge about dialogues between the student and the system. The domain expert provides 
the knowledge of what is being taught and the student model provides the knowledge of who is being taught and 
how he is to be taught. The tutor model updates the student model with the help of the domain expert which 
contains the correct knowledge and skills which are to be acquired by the student. Inference mechanisms help 
the tutor model determine the student's cunent OR knowledge and skills status, measure his level of competence 
and performance while applying his knowledge and skills to solve a problem assigned by the system, diagnose 
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errors and misconceptions in the student's knowledge and skills by reference to the bugs catalogue, and help it to 
determine the best teaching strategy in order to meet the student's needs and preferences. The tutor model must 
be able to vary the system's teaching strategy for different students. It must also be able to intervene and 
provide the student with help and explanations when this is asked for or when there is a call for them as a result 
of an error or detection of misconceptions. The tutor model consults the domain expert, the bugs catalogue and 
the student model in constructing appropriate explanations. 
The tutor model communicates with the student via the man/machine interface, selects appropriate OR problems 
for the student to solve, helps the student acquire the right skills, monitors and criticizes the student's 
performance, provides assistance upon request, selects remedial action when the student makes a mistake, 
knows how to teach an individual user, knows when it is appropriate to offer the student a hint and knows how 
far a student should be allowed to go down the wrong path. The tutor model adapts it teaching according to the 
student's profile, it attempts to tutor the student by individualizing instruction and it leads the student through 
the syllabus. It has specific and attainable educational goals and follows certain plans to meet them. 
The bugs catalogue consists of an extensive library of common misconceptions and errors in the domain. It 
records all possible deviations a student can make from the ideal expert behavior as represented in the domain 
expert. The tutor model checks the student's answers and the student's problem solving behavior for correctness 
by making reference to this library. 
The interface is responsible for the interaction and dialogue between the student and the system. It is the front-
end to the system and it should have access to the same three sources of knowledge as the tutor model, namely 
the domain expert, the student model and the bugs catalogue. This will enable it to adapt the interface to the 
student's needs. 
3.3. Educational Software for the Teaching of Operations Research 
This section investigates other computer based approaches that are available for the teaching of topics from 
operations research. Some general packages are considered in section 3.3.1, the use of multimedia to teach 
operations research is investigated in section 3.3.2 and an intelligent tutoring system for linear programming is 
discussed in section 3.3.3 . Comparisons between these approaches and the one followed in the design of my 
conceptual framework are also made. 
3.3.1. Operations Research Packages 
In a joint venture the Universities of Birmingham and Glascow in the United Kingdom set up a Computers in 
Teaching Initiative Center for Mathematics and Statistics (CTICMS). Its main purpose was to collect and 
disseminate information about software relating to mathematics and statistics and to prepare teaching material 
for degree level courses. 
52 operations research packages were identified. Most of them provide computational facilities in the classroom 
very similar to industrial packages found in applications. They typically handle fewer constraints and run on 
smaller machines. They are particular useful to illustrate the principles of the subject area and to give practice at 
problem formulation. 
Multiple model operations research packages for the PC include Micro-computer models for management 
decision making, Quantitative systems for Business (QSB) and Storm. They cover most of the topics taught in 
introductory courses in management science and provide students with the opportunity to gain hands-on 
experience in problem-solving. 
An array of packages dealing solely with mathematical programming are also available. Packages like Lindo, 
FLIP and LinProg are often used in mathematics and engineering courses. 
Spreadsheets, such as Quattro and Excel, are used extensively in business math teaching and some teaching 
packages have also been developed based on particular spreadsheets. Nonlinear Optimization with PerfectCalc 
and Vino for Lotus 123 are two examples thereof. 
The Mentor project (Jones, 1996) in the United Kingdom has developed hypermedia for teaching mathematical 
programming, forecasting, simulation, and other traditional OR topics. Mentor provides text, graphics, and 
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video illustrations of various concepts. It also allows for the integration of analytical tools . See the next 
subsection for a more complete description and discussion of MENTOR. 
Gregory ( 1995) and Trick ( 1997) list a number of packages that can be utilized in the teaching of Operations 
Research. Trick ( 1997) also provides hypertext links to a whole range of other useful resources. 
3.3.2. Using Multimedia in the Teaching of Operations Research 
The MENTOR project is a teaching and learning technology project sponsored by the U.K. government and 
based in the Department of Management Science at the University of Strathclyde (Belton & Thornbury, 1996). 
Its aim is to develop a portfolio of multimedia modules on commonly taught operations research topics. It uses 
computer technology, especially multimedia, to improve the effectiveness and efficiency of teaching operations 
research. Efficiency in this . context means that the technology should allow students to learn quicker with fewer 
resources (teachers and assistants), and effectiveness means that the technology should support active learning, 
different learning styles, and learning at the student's own time and pace. 
Each MENTOR module contains hypertext, still and interactive graphics, animations, video, and visual 
interactive technique software integrated into a common format. A single module is designed to cover roughly 
10 hours of traditional lecture. Students can work through the modules at their own pace, they can move ahead 
or back to topics of their choice, and they can pursue details to the depth they choose. The modules that were 
developed first are already in use for more than five years. They received a positive response from the students. 
The topics of the modules include popular operations research topics like linear programming, simulation, 
dynamic programming, conflict analysis, forecasting, project network analysis, stock control and integer 
programming. 
The best way to get more information on MENTOR is to go directly to its web site at 
http: //www.mentor.strath.ac.uk/mentor.htrnl. There the reader will find information on the modules currently 
available, how to obtain a sampler over the web, how to obtain the modules themselves, and much more . 
Comparing RECTOR I GEORGE and MENTOR 
It is the aim of both MENTOR and GEORGE/RECTOR to develop a portfolio of computer based modules on 
commonly taught operations research topics. Both also attempt to support different learning styles. MENTOR 
does it by providing a whole range of multimedia presentation elements and by "hoping" that this variety will 
accommodate all the learning style preferences of its students. It therefore does not explicitly model the student 
and then adapts the tutoring to her/his preferences. It merely provides a wide spectrum of media elements and 
expect it to cover the whole range of learning styles. Individualization is not its aim. GEORGE I RECTOR, on 
the other hand, explicitly model an individual student's preferred learning style and then constructs a tutoring 
strategy of presentation elements that matches this model. Individualized tutoring is its aim. 
Another major difference between these two projects lie in its size. The MENTOR Project has received well 
over a $1 million in funding over the 1992-1995 period from the University Funding Councils of the U.K. It is 
therefore a large project and is run by the Department of Management Science at the University of Strathclyde. 
GEORGE I RECTOR, in contrast, is essentially a one man effort and part of a doctoral research project. 
It is exactly these two differences that may lead the researchers in these two projects to develop a better overall 
product. It is the opinion of the author that MENTOR and RECTOR can complement each other beautifully if 
they were to be combined within one project: RECTOR can provide the necessary individualization intelligence 
(learning style based tutoring components) and MENTOR can provide the multimedia elements that are 
necessary to implement the various topics of the operations research curriculum and to present these topics in a 
variety of ways so as to accommodate different learning styles. 
3.3.3. LPTUTOR: An Intelligent Tutoring System for Linear Programming 
Born and Lusti (1996, 1998) proposed a modular blackboard architecture for knowledge based tutoring systems 
and realized it in LPTUTOR, a tutoring system for linear programming. The components of the architecture 
cooperate in analogy to a human discussion. The blackboard panel acts as a mediator for the communication 
and as a medium to hold the discussion record. The knowledge sources are hierarchically organized expert 
panel members. The blackboard control supervises the discussion and selects the knowledge sources according 
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to their perspective contributions. The record of the discussion is used as a general base for explanations. By 
adding links, it is possible to explain reactions. 
A primary research goal in designing this architecture was to develop an architecture that allows the 
construction of easily maintainable and extendable systems. It should separate domain or system specific 
components from a reusable basic system. LPTUTOR consequently has a modular basic architecture that 
combines reusable system concepts and elements with domain specific components. The interfaces to the 
components are small and made uniform and are designed to maintain the system by replacing components. 
Examples of reusable elements are a general session structure, a data structure to define a common vocabulary, 
a scheduler, an explanation component and a debugging tool. 
A second research goal in designing this architecture was the integration of techniques and tools established in 
ITS design and implementation. LPTUTOR consequently makes use of such knowledge-based techniques and 
tools . It includes four models of experts responsible for the intelligent behavior of an ITS. These four models 
were specified as a set of rule-based modules and implemented using the programming language PROLOG. 
LPTUTOR's explanation capability is based on protocols recorded during the generation of answers. 
Comparing LPTUTOR with my Conceptual Framework 
Both LPTUTOR and GEORGE I RECTOR acknowledge and attempt to address the increasing demand for 
adaptable and extensible tutors and the need by developers for general concepts, efficient tools and reusable 
components. Both have linear programming as its primary domain, both integrate techniques and tools 
established in ITS design and implementation in its design (domain expert-, interface-, student model- and 
tutorial module), and both also add its own components to the basic ITS structure. GEORGE, for example, adds 
an artificial psychologist and a generic questioning module. 
LPTUTOR and GEORGE I RECTOR, however, also differ in a very significant way: LPTUTOR is a 
blackboard architecture within which the components cooperate with each other in analogy to a human 
discussion. GEORGE I RECTOR, on the other hand, is a learning style based tutor that uses the student's 
preferred learning style as a departing point in constructing a tutoring strategy. Their designs therefore differ 
substantially - blackboard simulating a human discussion versus a learning style based model. Two totally 
different frameworks are therefore the result. 
3.4. Applications of the Conceptual Framework in a Course on LP 
A number of useable computer-based learning modules were developed to demonstrate how the various 
modules of the proposed conceptual framework look like. Instructions on where to fmd and how to run these 
demonstrations can be found in appendix 15. They can be used in variety of ways to support the teaching of 
operations research. These include 
• Computer support of lectures; 
• Computer-assisted learning, 
• Computer-based learning, 
• A computer environment for calculations, and 
• Self-paced or open- access material. 
Each will be briefly defined and discussed below. 
3.4.1. Computer Support of Lectures 
Informal definition 
A lecturer can prepare demonstration software for her/his course. It will enable her/him to illustrate and enliven 
the material being taught in the traditional lecture by using the computer as an electronic blackboard. According 
to Bishop, Beilby and Bowman (1992) this is particularly useful in topics where the animation of diagrams, 
graphs and mathematical derivations are possible. These animations have the potential of enhancing the 
student's understanding of difficult concepts. · 
Examples from the proposed conceptual framework 
The natural language understanding based LP modeler of chapter 3 can be used to demonstrate to students how 
mathematical models are built for LP problems; the LP problem solver of chapter 3 can be used to demonstrate 
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how the two phase method, Vogel's method, the transportation algorithm, the Hungarian method and the dual 
simplex method are used to solve LP problems; the LP sensitivity analysis procedures of chapter 3 can be used 
to demonstrate how a sensitivity analysis is performed on the optimal solution of a LP problem; the coaching 
and demonstration procedures of chapter 4 can demonstrate how a number of techniques work; and model 
building and solution procedures can be illustrated by means of the animated flow- and step charts of chapter 4. 
The animated visualizations of textbook descriptions of LP problems and sensitivity analysis procedures in 
chapter 4 can also provide support for a lecturer. 
3.4.2. Computer-assisted Learning 
Informal definition 
Computer-assisted learning modules can be developed to provide revision text, worked examples and exercises, 
and can be used as computer tutorials in support of a traditional lecture course. It has proved itself as very 
efficient. 
Examples from the proposed conceptual framework 
Traditional classroom lectures can be supported by the following modules: 
The coaching and demonstration procedures of chapter 4 which can provide coaching on specific LP topics; 
drill- and monitoring procedures of chapter 4 which can provide traditional drill-and-practice exercises and 
monitoring facilities; the teaching games of chapter 4 and 9 which can provide coaching in an entertaining way; 
the computerized adaptive testing procedures of chapter 4 which can provide a computerized testing facility; the 
artificial psychologist of chapter 5 which can provide psychological advice to students; the seven 
teaching/tutoring and learning assistants of chapters 7, 8 and 9 which can inform students about their learning 
and thinking style preferences; and the motivational assistant of chapter 11 which can inform teachers on how to 
optimize the motivational levels of their students. 
3.4.3. Computer-based Learning 
Informal definition 
Computer-based learning refers to the delivery of part of the curriculum by the computer instead of by 
traditional methods. 
Examples from the proposed conceptual framework 
The domain- and motivational based planner of chapter 11 has it as its aim to deliver part of the curriculum by 
computer instead of by traditional methods. It may employ any one of the teaching/tutoring and learning 
assistants of chapters 7, 8, and 9 in the process. 
3.4.4. A Computer Environment for Calculations 
The framework also provides an environment for calculations to the student: The natural language 
understanding based LP modeler of chapter 3 enables her/him to build mathematical models of LP problems; the 
computerized problem solver of chapter 3 allows her/him to solve LP problems of her/his choice; and the 
sensitivity analysis procedures of chapter 3 enables her/him to perform a sensitivity analysis on the optimal 
solution of an LP problem of her/his choice. 
3.4.5. Self-paced or Open-access Material 
Informal definition 
When students have to fill gaps in their knowledge and are broadening their experience of the taught material, 
self-study units are normally used. These units are supposed to support rather than replace conventional 
coursework. Hypertext material could be used to provide this facility. When no tutor is available audio 
explanations can be used instead. It can be provided by adding digitized sound to computer material on a CD-
ROM. 
Examples from the proposed conceptual framework 
The student can use the following programs to fill gaps in his knowledge and to broaden her/his experience of 
the taught material: 
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The point-and-query interface of chapter 4 can be used by the student to quickly fmd an answer to a burning 
question; the presentation elements in chapter 4 that offer sets of practical and theoretical readings on LP can be 
used to broaden the student's experience; the mind map presentation facility of chapter 4 can be used to 
summarize the taught material and to provide an exploratory environment to the student; and the thinking skills 
exercises of chapter 9 can be used to supply an "environment for the gifted" by applying De Bono's thinking 
skills to the LP subject domain. 
4. Formal Design Principles for the Proposed General Conceptual 
Framework 
The following principles were laid down for the design of the proposed general conceptual framework. The 
resulting design will be measured against them in chapter 12. 
4.1. General Principles I Requirements for the Overall Design 
The following four general design principles were formulated for the development of the proposed conceptual 
framework. Each principle is clarified I supported with a brief accompanying description. 
The conceptual framework should increase the productivity of both the teacher and the student. 
Traditional classroom instruction can be presented in an "instructional cycle" that represents a widespread cyclic 
pattern of information processing as it is found in the domain of instruction (Shackelford, 1990). It is a cycle 
that is performed routinely, regardless of grade level or subject matter. It includes the activities of preparation, 
class & lab, assignments, execution/submission, student study, evaluation, record keeping, feedback and 
grading. 
These nine activities of the "instructional cycle" fall readily into three categories, as determined by who is doing 
the information processing. For five of the nine, namely class/lab, assignments, execution/submission, feedback 
and grading, the teacher interacts with the student. Three of the nine, namely preparation, evaluation and record 
keeping, are uniquely teacher activities. Only one of these nine information intensive activities is uniquely a 
student activity, namely student study. 
The goal of the conceptual framework should therefore be not only to deploy the computer to increase the 
productivity of the student, who is involved in six of the nine activities in the instructional cycle, but also, and 
most importantly, to increase the productivity of the teacher, who is involved in eight of the nine activities of the 
instructional cycle. Also remember that the student is uniquely involved in only one activity while the teacher 
is uniquely involved in three. 
The conceptual framework should accommodate individual differences of its students. 
Some computer based educational (CBE) programs are designed to accommodate a wide range of individual 
differences including personal, affective and psychological factors , while others makes provision for no such 
differences. 
The degree to which a CBE program accommodates individual differences is a major factor in its effectiveness 
(Reeves, 1994a). Users of a CBE program are very seldom homogeneous in terms of aptitudes, prerequisite 
knowledge, motivation, experience, learning styles, eye-hand coordination, etc. It is therefore very important 
for the system to accommodate such differences. Learning theories also consider individual differences as the 
major predictor of differential learning outcomes. 
The conceptual framework should model the student's motivational levels and her/his level of control. 
Motivation defmitely is a primary factor in teaching and learning. Intrinsically motivating CBE instruction, 
however, remains very elusive despite of the fact that every new approach promises to be more motivating than 
any of its predecessors. The latest addition is interactive multimedia. It is supposed to motivate learners 
automatically simply because of the integration of music, voice, still pictures, text, animation, motion video and 
a friendly user interface. The truth is that motivational aspects must be consciously designed into multimedia 
presentations just as any of the other pedagogical dimensions (Reeves, 1994a). 
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Leamer control, which incidentally is one of the more heavily researched dimensions of CBE, refers to the 
options in CBE programs that allow learners to make decisions about what sections to study and/or what paths 
to follow through interactive material. Leamer control is said to make CBE more effective by individualizing 
instruction and making it more motivating (Reeves, 1994a). 
The conceptual framework should allow the manipulation of different presentation modes and -elements 
so as to accommodate different types of learners. 
By manipulating the structure of a CBE program, the variety and organization of the available learning events, 
the motivational aspects of the presentation and the role of the tutor, the designer of interactive educational 
software can satisfy the needs of the different individual learners and in doing so enhance their performance 
tremendously (Reeves, 1994b ). 
4.2. Specific Principles, Mostly for Individual Modules 
By taking the roles of the different modules of an intelligent tutoring system into account (compare sections 
2.10 and 3.2), I formulated the following list of 11 design principles for my conceptual framework, including the 
four modules of the traditional intelligent tutoring system: 
1. The framework must model the student's learning style, motivational levels and current knowledge state. 
2. The framework must be able to teach in a variety of ways, and must determine what and when to teach. 
3. The domain expert module must represent the knowledge and problem solving expertise that the system 
will try and teach to the student: How to build, formulate and solve LP problems and how to perform a 
sensitivity analysis on the solution. 
4. The student model must represent the student's level of OR knowledge - those techniques which the student 
has acquired, those which he has been exposed to and of which he has shown some understanding, and 
those he has not yet mastered. 
5. The student model must be able to represent misconceptions or erroneous information which the student 
has, or is suspected to have, acquired. 
6. The student model must be able to represent the student's learning preferences and must be able to include a 
history of the student's problem solving behavior. 
7. The student model must also be able to represent the most effective teaching strategy for the student and 
provide a measure of the student's learning ability and skills. 
8. The tutor model must be able to vary the system's teaching strategy for different students and must adapt its 
teaching according to a student's profile. 
9. The tutor model must also be able to intervene and provide the student with help and explanations when this 
is asked for or when there is a call for them as a result of an error or detection of misconceptions. 
10. The tutor model must 
• select appropriate OR problems for the student to solve, 
• help the student acquire the right skills, 
• monitor and criticize the student's performance, 
• provide assistance upon request, 
• select remedial action when the student makes a mistake, 
• know how to teach an individual user, 
• know when it is appropriate to offer the student a hint, and 
• know how far a student should be allowed to go down the wrong path. 
11. The interface module should provide an user-friendly communication channel between the system and the 
student. 
4.3. An Example to Follow ... 
Nwana (1993) investigated a large number of mathematics tutors and identified shortcomings of existing ITS's. 
As a result thereof he formulated an alternative approach to constructing ITS's in the mathematics domain and 
demonstrated his theory by developing FITS, a Fraction Intelligent Tutoring System. 
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The design of his system satisfies many of the above defined 11 specific design principles, and is a very good 
example to follow and to also take into account in designing a new framework. Nwana's system premodels the 
student, it preteaches prerequisite skills, it provides examples such that Van Lehn's felicity conditions are 
satisfied, it monitors the student step by step, it diagnoses in a problem solving context, it enables the student to 
communicate her/his plans prior to executing them, it remediates in a problem solving context, it models the 
student, it tests the student's understanding, it supports the various idiosyncratic ways which the student might 
choose to solve the problem, it explicitly represents knowledge, it motivates and supports a more flexible style 
of tutoring, it maintains control over the tutoring endeavor; and it provides an environment in which the 
interaction between it and the student is close to the reality of the day. 
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Chapter 3 
Combining Generic Questioning, Natural Language Understanding 
and Computerized Problem Solving to Generate Tutoring and 
Testing Material for a Linear Programming Tutor 
1. Introduction 
1.1. Goals of the Chapter 
The main goal of this chapter is to develop a computer model that builds mathematical models of linear 
programming problems directly from text book descriptions, that solves these models, that performs a sensitivity 
analysis on the resulting optimal solutions and that generates large amounts of tutoring and testing material for 
the tutorial module. This computer model should be integrated within an intelligent tutoring environment as the 
domain expert module and should also be usable within the traditional classroom. In both environments it 
should be used to teach students about formulating mathematical models of linear programming problems, about 
solution procedures for these models and about ways to investigate the sensitivity of the resulting solutions. 
Natural language processing should be investigated as a way to develop this computer model. 
By developing this computer model, this chapter will also try to contribute to the construction of a general 
framework for the development of intelligent, computer-based educational software for topics from operations 
research (see section 5), to the development of computerized modules that demonstrate the most important 
techniques discussed and developed in this chapter (see captured images 3.1 to 3.18); and to the development of 
a series of independent modules that could be used to improve the quality of traditional classroom instruction 
and that could be integrated within newly created computerized tutoring environments (see demonstration 
programs in appendix 15). It will also provide novel ways, because the LP modeling component simulates a 
human expert's thought processes, on how to use technology to improve the quality of engineering- and more 
specifically LP education (last paragraph of section 2.6.1 ). 
1.2. Layout of the Chapter 
Generic questioning is dynamically combined with natural language understanding (NLU) and computerized 
problem solving within the domain expert module of my framework to create generic linear programming 
scenarios and questions. This unique procedure generates the tutoring and testing material used by my system 
to teach students the basic principles of linear programming, and is the focal point of this chapter 
In the next section the reader will see how a natural language understanding system and computerized problem 
solving can be combined to formulate and solve linear programs. Demonstrations are also provided and the 
natural language understanding system is evaluated. Section 3 is used to introduce the reader to the concept of 
generic questioning. Then, in section 4, the reader will discover how these elements can be combined to 
generate large numbers of relevant problem scenarios and tests. A simple example of the generic process will 
also be provided. Captured images from the computer implementations of these models are also included. 
Section 5 will indicate how this NLU-based Modeler, Solver and Generic Questioning Module can be extended 
to also include other topics from mathematical programming. This chapter's contribution to knowledge and its 
role within my conceptual framework will be summarized in section 6. 
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2. Natural Language Understanding (NLU) and a Computerized 
Problem Solver for Linear Programming 
2.1. A Natural Language Understanding System for Understanding Textbook 
Descriptions of Linear Programming Problems - An Overview 
The first step in attempting to solve a linear programming problem is one of language understanding. The initial 
understanding of the problem statement often embodies two steps: The problem type must first be determined, 
for example a product mix problem, a blending problem, an investment problem, a production scheduling 
problem, a transportation problem or an assignment problem. Thereafter one must be able to extract all the 
useful information and relate it to one's knowledge of the topic, that is the information in the problem statement 
must be transformed into an internal cognitive representation which allows it to be related to one's conceptual 
framework of the domain of linear programming. 
In my system the facility to perform this kind of transformation from one representation to another is essential. 
A natural language interface was therefore designed to handle the task. It is used in teaching the student how to 
build mathematical models of linear programming problems, how to solve them and how to perform a 
sensitivity analysis on the optimal solutions. It also serves as the basis of a classification procedure (Sklar & 
Pick & Vesprani, 1990) that distinguishes between different types of linear programming problems (the six 
types mentioned above), a problem solving procedure and a generic questioning module. 
The natural language interface was designed to understand linear programming problems stated in textbook 
English. The interface is based on a pattern recognition system which is intended to parallel a cognitive model 
of language understanding. The system is capable of understanding over 120 problems taken directly from 
Operations Research textbooks. These 120 problems come from six classes of LP problems, namely product 
mix problems, blending problems, investment problems, production scheduling problems, transportation 
problems and assignment problems. My approach is very similar to the one followed by Oberem (1986) in the 
development of ALBERT, a natural language problem-solving monitor and coach that is capable of 
understanding elementary mechanics problems stated in textbook English and teach students how to solve them. 
Various techniques have been developed to handle natural language processing. They include keyword 
recognition and sentence structure analysis. 
2.1.1. Keyword Recognition Systems 
Keyword recognition is the most simple approach to language understanding. Such a system usually consists of 
a program that recognizes one or more keywords in a piece of text and then responds accordingly to it. This 
might be useful in very restricted domains or when the input text is likely to be grammatically unpredictable. It 
can sometimes create a convincing illusion of understanding, but it has some serious shortcomings. Its most 
negative characteristic is that it ignores much of the useful information in sentences. It will therefore not be 
suitable to be used to understand descriptions oflinear programming problems. (Oberem, 1986) 
2.1.2. Sentence Structure Analysis 
In our case it will consequently be necessary to examine in detail the structure of each sentence to ensure that 
the full meaning of a piece of text is extracted. This process generally involves three stages, namely lexical 
analysis, syntactic analysis and semantic processing (Oberem, 1986). 
Lexical analysis is the first step in formal language processing and involves dividing the textual input in to 
discrete segments, usually words, and relating these to a dictionary associated with the program. 
Syntactic analysis, or parsing, attempts to assign a structure to the input sentence. The parsing process consists 
of the application of a set of grammar rules to the input. The resulting output is referred to as a parse tree. 
Parsing may be either "top-down" or "bottom up" . 
"Top down" parsing begins with a start symbol and proceeds by applying the grammar rules until the bottom of 
the tree matches the input sentence. "Bottom up" parsing begins with the input sentence and applies the 
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grammar rules backwards until the start symbol is reached. In both cases parsing fails when the structure cannot 
be completed. 
The grammar can also be encoded in the form of an augmented transition network. Such a network offers 
several useful features like the ability to backtrack when parsing fails, and the facility to encode additional 
knowledge on the arcs of the network to assist in building the parse structure. 
After syntactic analysis has been completed a semantic interpreter will attempt to assign meaning to the text 
being understood. This whole process, however, may be problematic because semantic information may be 
required to derive the correct syntactic interpretation. Various attempts have therefore been made to combine 
the syntactic and semantic operations. 
My natural language interface uses lexical analysis and an integrated approach to syntactic and semantic 
processing. It is based on a pattern recognition system which is intended to parallel a cognitive model of 
language understanding. This model (also used in ALBERT (Oberem, 1986)) is described next. 
2.1.3. A Cognitive Model of Human Language Processing -
1. A passage of text is seldom read in isolation. It is always related to a highly specific context. Within a 
story, the specific context changes as the narrative moves from one situation to the next. Frames can be used 
to represent specific situations. · 
Frames have slots in which specific data are stored. In the process of understanding a passage of text or a 
particular situation, the slots in the frame are filled with data representing the instance being considered. 
This process of filling the slots is referred to as instantiation. 
Collections of frames are linked together into systems of frames. A story would consist of a network of 
instantiated frames. 
2. Associated with a particular frame is a contextualized vocabulary. This will be of limited extent and word 
usage within the context of that frame will generally be unambiguous. 
3. Understanding is expectation driven. Once the context has been established, the reader looks for certain 
pieces of information which he/she expects in this context. When some information is missing, he/she will 
make use of default information, known to apply to the situation. When information is present which 
conflicts with the expectation, an attempt will be made to find a new context within which the conflict is 
resolved. 
4. Human readers seldom resort to conscious syntactic processing. Within a context particular syntactic 
patterns are expected. Characteristic syntactic patterns are used in accordance with the situations in which 
they arise. The syntactic patterns are cues to the presence of specific data needed to instantiate a frame. 
Syntactic patterns are recognized automatically and as a whole, in a manner analogous to the aural 
recognition of a popular tune or a spoken word. 
5. ·When a syntactic pattern, important within a context, is recognized, semantic processing is used to extract 
the data . Only those fragments of the text which are recognized as being important will be processed in this 
way. The contextualized vocabulary allows unambiguous extraction of the data from the syntactic patterns. 
This is the matching process by which values are assigned to the slots of a frame. 
6. A piece of text has been "understood" when the associated frame is fully instantiated, that is all the values of 
the slots are known. · Slots which have not been instantiated from the text are either filled by inference from 
other known slots or allowed to take on their default values, provided that conflict does not arise. 
This cognitive model of human language understanding is used to develop a system that is intermediate between 
a keyword and a formal natural language system. It actually resides closer to the latter and is based on a 
cognitive rather than a linguistic model of language processing 
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2.1.4. Natural Language Understanding in My System 
The language system in my approach is designed to operate within the stereotyped situation of an elementary 
linear programming problem. It searches for syntactic patterns which are known to hold important information 
in this context and uses the data extracted from them to instantiate a frame which represents the problem. A 
contextualized vocabulary is used to provide an unambiguous link between the pattern recognition system and 
semantic interpretation by which the frame is instantiated. This system surpasses the keyword and key phrase 
recognition system but stops short of full syntactic processing in terms of a formal grammar. The system has 
proved to be effective and robust and is capable of understanding problems from six different classes of linear 
programming problems. It can easily be extended to include more, as will be shown in section 5. 
2.1.5. A Representative Frame: Product Mix Problems 
For the purposes of this discussion I will only focus on product mix problems. In the simplest of product mix 
problems (the ones that will be considered here) one typically has a number of products that go through a series 
of different production operations. The goal of these production operations is normally to produce the products 
in such a manner so as to maximize profits; in other cases the goal may be to minimize costs. Each of the 
products utilizes a certain amount of each of the operations. Limitations are placed on the operations (its 
capacities) and upper- and lowerbounds are also constructed on the number of products that can be produced. 
The following frame was consequently constructed to represent these types of product mix problems: 
Slots in the frame 
Type of optimization 
Number of products 
Names of products 
Number ofVariables 
Variables 
Profits on products (if maximize) 
Costs of products (if minimize) 
Number of operations 
Names of operations 
Limitations on operations 
Type of restrictions 
Upperbounds on products 
Lowerbounds on products 
Utilization of operations 
Possible values 
Either maximizing profits or minimizing costs. 
An integer value, say n. 
The names of the products that are produced, say P1, • • • , Pn 
An integer value, same as "Number of products". 
X~> . . . , Xn 
Numerical values. Represent them by variables C~> ... , Cn. 
Numerical values. Represent them by variables C~> ... , Cn. 
An integer value, say m. 
The names of the production operations, say 01> ... , Om. 
Numerical values describing the capacities of operations 0 1> ... , Om. Use 
the variables Bl> .. . , Bm to represent these values. 
:::; for all constraints in this type of product mix problem. 
Numerical values describing the maximum number ofPI> ... , Pn that 
should be produced. Use the variables U~> ... , U" to represent these 
values. 
Numerical values describing the minimum number of PI> .. . , P" that 
should be produced. Use the variables Ll> . . . , Ln to represent these 
values. 
Numerical values describing how much of operation Oj U= 1, .. . ,m) is 
utilized to produce 1 unit of product P; (1=1 , ... , n). Use the variables Au 
to represent these values (i = 1, . . . , m; j = 1, .. . , n) .. 
Syntactic patterns are associated with each of these slots, and, when found in the text (problem description), are 
used to instantiate the frame. 
This frame produces the following mathematical model for this specific type of product mix problem: 
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Xi :<; Ui,j = 1,2, . .. , n 
Xi ;::: Li,j=l,2, ... ,n 
Li ;::: O,j = 1,2, . .. , n 
The following explanation and illustration demonstrates how this frame, with the help of the lexical, syntactic 
and semantic processes, is able to understand textbook descriptions of LP problems 
2.2. Explanation and Illustration 
My system works with a specific frame or schema, a contextualized vocabulary and an associated set of 
syntactic patterns. The natural language processor therefore consists of a contextualized dictionary, lexical 
analysis, a pattern database, syntactic pattern matching, semantic processing and the specific frame. For the 
purposes of this discussion, I will only refer to the above described product mix frame. Similar types of frames 
are associated with the other five types of problems and are incorporated in the computer implementations of 
these NLU based systems. 
2.2.1. The Procedure 
A flexible text editor is provided for the typing in of the problem statement and for the editing of it, should that 
be required. From the text editor, the problem statement is handed to the lexical analysis routine where the 
textual input is divided into discrete segments, usually words, and related to the associated dictionary. In this 
process each word ofthe problem statement is classified according to its function, as stated in the dictionary. 
Next, the resulting pattern is scanned by the syntactic pattern processor which attempts to find a match with one 
of the anticipated syntactic patterns defined in the pattern database. When a match is found a semantic 
interpreter is used to assign meaning to the text. The textual fragment is processed semantically and values are 
instantiated in the appropriate slots of the schema involved. 
Syntactic and semantic processing are interwoven and continue until no further pattern matches can be found. 
At this stage the frame should be completely instantiated and the linear programming problem can be 
formulated. Thereafter the problem solving routines can be called to solve the problem and perform a 
sensitivity analysis thereof. This process generates material that can be used by my system to teach students 
how to build a mathematical model of a linear program, how to solve it and how to perform a sensitivity 
analysis thereof. The following example will illustrate how the system understand a textbook problem from one 
of the six different classes. 
2.2.2. An Example: A Typical Product Mix Problem 
Consider the following linear programming problem (a typical product mix problem): 
A furniture manufacturer produces two types of desks: standard and executive. These desks are sold to an office 
furniture wholesaler, and for all practical pwposes there is an unlimited market for any mix of these desks, at 
least within the manufacturer's production capacity. Each desk has to go through four basic operations: cutting 
the lumber, joining the pieces, prefinishing and final finishing. Each unit of the standard desk produced takes 
0.8 hours of cutting time, 2 hours ofjoining, 0.67 hours ofprefinishing, and 5.33 hours offinishing time. Each 
unit of the executive desk produced requires 1.2 hours of cutting, 3 hours of joining, 2 hours ofprefinishing, and 
4 hours of final finishing time. The daily capacity for each operation amounts to 16 hours of cutting, 30 hours 
of joining, 16 hours of prefinishing, and 64 hours of final finishing time. The profit per unit produced is $40 for 
the standard desk and $JO for the executive desk. What product mix is optimal? 
The routine performing the lexical analysis produces the following lexical pattern (in coordination with the 
contextualized dictionary summarized in appendix 3) : 
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This pattern is reduced to the following by erasing the redundant categories (those not contributing to 
instantiating the frame): 
d b b i i i n n i o o o o k b d p a k o a k o a k o a k o k b d p a k o a k o a k o a' k o 11 i a k o a k o a k o a k o h k d i 
kabkabif 
This reduced pattern is then scanned by the syntactic pattern processor in an attempt to find a match with one of 
the anticipated syntactic patterns defined in the pattern database (The database for product mix problems is 
summarized in Appendix 4.) . The following patterns are found: 
For the slots associated with the objective function- h k d i k a b, k a b, .. . ; for the slots associated with the type 
of optimization- h; for the slots associated with the constraints - b d p a k o, ako, ... ; and for the slots associated 
with the right-hand-sides ofthe constraints- n i a k o, a k o, .... These patterns are mapped onto the various slots 
of the product mix problem frame: 
Slots in the frame 
Type of optimization 
Number of products 
Names ofproducts 
Number of Variables 
Variables 
Profits on products (if maximize) 
Costs of products (if minimize) 
Number of operations 
Names of operations 
Limitations on operations 
Type of restrictions 
Upperbounds on products 
Lowerbounds on products 
Utilization of operations 
Value(s) extracted from ... 
h 
Counting the number of different b's in the b d p a k o, a k o ... patterns. 
b's in the b d p a k o, a k o ... patterns. 
Same as "Number of products" 
Defined by the system in correspondence to the number of products. 
a's associated with b's in h k d I k a b, k a b ... patterns. h indicate it's a 
maximization problem involving profits. 
Not applicable, h indicates profits, not costs. 
Counting the number of different o's in the n i a k o, a k o, ... patterns. 
o's in the n i a k o, a k o, ... patterns. 
a's associated with o's in the n i a k o, a k o, ... patterns. 
::::; for all constraints in this type of product mix problem. 
No patterns for this problem. 
No patterns for this problem. 
a's associated with a b-o pair in the b d p a k o, a k o, ... patterns. The 
b d p part remains valid until a new b d p is found. The same product is 
therefore associated with the various o's in the repetitive a k o patterns 
until a new b is found . 
Semantic processing takes place next and the following conclusions are drawn (by the system) from the above 
syntactic patterns: "We are working with a maximizing problem: profit must be maximized; two products 
namely standard and executive are produced; two variables are needed, one for each product; four operations, 
namely cutting, joining, prefinishing and finishing are performed; restrictions are imposed on each operation; 
the objective function is subject to four constraints, one for each operation; and values are to be extracted for a 
constraint matrix A, for the right-hand-side vector !!, for the objective function .£, and for the sign of each 
constraint." 
The various slots of the product mix problem frame are therefore filled: : 
Slots in the frame 
Type of optimization 
Number of products 
Names of products 
Number ofVariables 
Variables 
Profits on products (if maximize) 
Costs of products (if minimize) 
Number of operations 
Names of operations 
Values 
Maximizing profits .. 
2. 
Standard (P 1) 
Executive (P2) 
2. 
X~. X 2 
cl = 40 (profit on one standard); 
C2 = 50 (profit on one executive). 
Not applicable. 
4. 




Stellenbosch University  https://scholar.sun.ac.za
Limitations on operations 
Type of restrictions 
Upperbounds on products 
Lowerbounds on products 
Utilization of operations 
Capacity of "cutting" operation= B 1 = 16; 
Capacity of "joining" operation= B2 = 30; 
Capacity of "prefinishing" operation = B3 = 16; 
Capacity of"finishing" operation= B~ = 64. 
::;; for all constraints in this type of product mix problem. 
No values. 
No values. 
A11 = 0.8 (utilization of "cutting" by "standard"); 
A 21 = 2 (utilization of "joining" by "standard"); 
A31 = 0.67 (utilization of "prefinishing" by "standard"); 
A41 = 5.33 (utilization of "finishing" by "standard"); 
A 12 = 1.2 (utilization of "cutting" by "executive"); 
A 22 = 3 (utilization of "joining" by "executive"); 
A32 = 2 (utilization of "prefinishing" by "executive"); 
A42 = 4 (utilization of "finishing" by "executive"). 
This frame produces the following mathematical model for this specific product mix problem: 
36 
If X 1 represents the number of standard desks that must be produced, and X 2 the number of executive desks, 
then the formulated linear program is: · 
Maximize 40 X 1 +50 X2 
subject to 
0.80 xl + 1.20 X2s 16 
2.00 xl + 3.00 X2s 30 
0.67 x1 + 2.00 X2s 16 
5.33 xl + 4.00 X2s 64 
XI> x2~ 0 
2.3. The Automatic Formulation of Mathematical Models - A Demonstration 
Demonstration programs were developed to illustrate how this natural language understanding system 
understands LP problems directly from textbook descriptions and how it converts these descriptions into 
mathematical models. Programs were developed for all six classes of LP problems considered in this study. 
For simplicity sake this section will only consider the program for product mix problems. Instructions on where 
to find and how to run this set of demonstration programs can be found in appendix 15. 
Captured image 3.1 displays the control menu of the demonstration program for product mix problems. Option 
B on this menu allows the user to upload an existing product mix problem from a file (see captured image 3.2). 
The user is able to edit this problem- see captured image 3.3. Option Con the control menu allows the user to 
view the contextualized dictionary associated with product mix problems (captured image 3.4). This dictionary 
is used in the lexical analysis of the problem. This analysis is performed on the uploaded problem when option 
E on the control menu is activated. The result of this analysis is displayed when option F on the control menu 
is chosen. The user is also able to again study the problem statement (see captured images 3.5 and 3.6). Before 
taking a look at the mathematical model for the uploaded problem, the user still needs to execute options H and 
K on the control menu. The resulting mathematical model is displayed by selecting option L on the control 
menu. It is also depicted in captured images 3.7 and 3.8. 
2.4. A Computerized Problem Solver for Linear Programming 
Continue to consider our example product mix problem and its mathematical model. At this stage the problem 
solving routines can be called. Demonstration programs were also developed for this part (see appendix 15 for 
details). See captured image 3.9. Call the menu that is displayed the sensitivity analysis menu. The two-phase 
method is used to solve this model, and it produces the following optimal solution: The maximum profit of 
$560.075 is achieved by producing 9.011 units of standard and 3.992 units of executive. See captured image 
3.10. 
One of the most important aspects of an operations research study is to perform a sensitivity analysis of the 
optimal solution (see captured image 3.9). It is the activity by which one studies the effects of changes in the 
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Captured Image 3.1: A natural language understanding system for product mix problems. 
PRESS Fl FOR HELP 
Fllen.ame for storage of proctuc.'t l'OlX problem: prmlx2. ctat_ 
Captured Image 3.2: Load an existing product mix problem from a file. 
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Captured Image 3.3: Editing the uploaded product miz problem. 
Captured Image 3.4: Displaying the contextualized dictionary for product mix problems. 
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Captured Image 3.5: A description of the product mix problem under consideration. 
Captured Image 3.6: Lexical pattern for the product mix problem under consideration. 
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Captured Image 3.7: The resulting mathematical model of the product mix problem. 
Captured Image 3.8: The resulting mathematical model of the product mix problem (continued). 
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Captured Image 3.9: A computerized problem solver for product mix problems (control menu). 
Captured Image 3.10: Optimal solution for the product mix problem under consideration. 
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model on the optimal solution. The following are all options which are available within my syste~ and which 
are performed to generate tutoring and testing material for the system's coaching, testing and supportmg modes. 
1. Perform a complete right hand side sensitivity analysis. 
2. Perform a sensitivity analysis on the objective function. 
3. Change a component of the original right hand side vector. 
4. Change a component of the objective function. 
5. Add a new variable or activity vector to the optimal solution. 
6. Remove an existing variable from the optimal solution. 
7. Change the coefficients of the constraints. 
8. Add a new constraint to the optimal solution. 
9. Remove an existing constraint from the optimal solution. 
For example, by executing option I (option D on the sensitivity analysis menu), the system generates the 
following: "The solution remains optimal as long as the limitations on cutting, joining, prefinishing and 
finishing is respected, that is as long as cutting is limited to a minimum of 12, as long as joining is limited to a 
minimum of24.015 and a maximum of31.98, as long as prefinishing is limited to a minimum of 14.023, and as 
long as finishing is limited to a minimum of 56.060 and a maximum of75.95 ." See captured image 3.11. 
Captured Image 3.12 displays the results of selecting option Eon the sensitivity analysis menu. 
Option F on the sensitivity analysis menu allows the user to investigate the effect on the optimal solution of a 
change in the right hand side vector (that is the capacities of the operations). See captured images 3.13 and 
3.14. 
Figure 3.1 demonstrates the capabilities of my framework's computerized problem solver 
To summarize: My system is capable of automatically understanding textbook descriptions of approximately 
120 linear programming problems, to formulate mathematical models thereof, to solve it and to perform 
sensitivity analysis thereof. This is all done in order to generate tutoring and testing material. This procedure, 
however, can only generate a limited amount of material. To be original each time it is called, it needs to have 
the ability to generate novel material on every occasion. Generic Questioning will provide this necessary 
characteristic and the ability to generate a large number of high quality test and tutoring material. It is 
considered in section 3. 
2.5. NLU Based Computerized Problem Solvers for the Other Five Classes 
Appendix 2 contains a representative sample of the more that 100 textbook descriptions of LP problems from 
six classes that can be modeled and solved by the above described NLU-based modeler and solver. The 
contextualized dictionary of product mix problems, together with selected parts of the other five contextualized 
dictionaries, can be found in appendix 3. The pattern database of the product mix problems and selected parts of 
the databases of the other five classes are listed in appendix 4. Appendix 5 contains a representative sample of 
examples where the NLU-based modeler was applied to different classes of LP problems. 
2.6. An Evaluation of the NLU Based Approach 
2.6.1. A Comparison with Other Similar Types of NLU-Based Problem Solvers 
The inspiration for the above described NLU approach came from studying a physics problem-solving monitor 
and coach, ALBERT, that was developed by Oberem (1986). It ran on the mainframe PLATO system and 
could understand physics problems stated in simple English. ALBERT was able to understand problems never 
seen before, could solve them in several different ways and could conduct a simple English dialogue with 
students to teach them how to solve these problems. The techniques used in ALBERT were generalized and the 
program was made available in versions which run identically on UNIX workstations, Macintosh computers and 
IBM PC compatible computers. 
Oberem's work focussed on natural language understanding and student-computer dialogues (Oberem, 1993). 
The language system designed for ALBERT was modular in its construction and has been moved to several 
other domains and subject areas . Examples include ECLIPSE, ILONA and CICERO. The chemistry program 
ECLIPSE was developed to understand and solve simple molarity problems. It does not, however, have a 
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FIGURE 3.1: A COMPUTERIZED PROBLEM 
SOLVER FOR LINEAR PROGRAMMING 
INPUT: LINEAR PROGRAMMING PROBLEM ... 
.. 
A NLU-EXPERT FOR CLASSIFICATION OF PROBLEM 




OUTPUT: MODEL, SOLUTION AND SENSITIVITY 
DIALOGUE-BASED MODELLING OF LINEAR PROGRAMMING MODEL 
FILES 
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Captured Image 3.11: A complete RHS analysis of the solution of our product mix problem. 
Captured Image 3.12: Sensitivity analysis of the objection function of our product mix problem. 
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Captured Image 3.13: Investigate a change in a RHS value of our product mix problem. 
Captured Image 3.14: New optimal solution after sensitivity analysis and change to RHS values. 
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teaching component like ALBERT. ILONA was designed to teach concepts in mathematical logic. It allows 
students to type in a logical sentence and then to build a mathematical representation of that sentence. CICERO 
was designed to teach students Roman law. It conducts a lawyer-client dialogue with the student. A particular 
useful feature of the natural language dialogue system, especially in CICERO, is its ability to understand several 
concepts expressed by the student in a single input. CICERO also places significant demands on the language 
system's ability to understand references to earlier parts of the discussion and to maintain continuity in the 
thread of the discussion. 
ALBERT's language system was also used in an English second-language program which was designed to 
conduct a simple English dialogue with students about their personal backgrounds. 
The incorporation of such a natural language understanding system within an intelligent tutoring environment is 
therefore by no means new. I, however, believe, that the work described above is unique within the area of 
operations research- the automatic formulation of mathematical models for over 120 problems by means of this 
system and a set of formal LP problem frames are new. Because these LP frames simulate a human expert's 
thought processes when formulating LP models (Sklar & Pick & Vesprani, 1990), it also provides a human tutor 
with a valuable tool to teach her/his students modeling techniques (also see the flow chart for the modeling of 
LP problems in the next chapter- captured image 4.8). 
2.6.2. Evaluating the NLU Approach 
Oberem (1986) concluded that it is possible to transfer this language processing system to other domains. He 
further says that this conversion process is facilitated by the fact that the vocabulary and the syntactic pattern 
templates are held as data. To make such a transfer, the following operations will have to be performed: 
1. Problems in the new domain will have to be analyzed and a new contextualized vocabulary will have to be 
designed and entered. 
2. A new set of syntactic patterns will have to be entered. 
3. A new frame will have to be created and an appropriate set of semantic routines will have to be written. 
If one therefore wants to add new classes of LP problems, one will have to perform these three transferring 
operations. Experience has shown, after performing these three steps six times, that this is fairly easy once one 
has build up some expertise and experience in the area. 
My research has also indicated that the more complex the frame and corresponding mathematical model gets, 
the more difficult it is to add new problems within that class. The above provided product mix problems frame 
is very simple and many generalizations were found across its set of problems. There are literally hundreds of 
product mix problems in textbooks that can easily be added without a too drastic change in the contextua1ized 
dictionary, the syntactic pattern database and the semantic processing routines. In these cases the method 
appears to be a very effective interpreter of LP problems. The production-scheduling problem, on the other 
hand, was more difficult to generalize and it was also very difficult to add new problems without too much work 
(almost going through the above listed three steps for each new problem!). In these complex cases the method 
was experienced as a "brute force" approach. Depending on the target group and the goals of the modeling part 
of the LP curriculum, the NLU based modeler can therefore be perceived as either very effective or very time 
consuming to maintain. As far as this framework's curriculum is concerned, the product mix-, blending-, 
transportation- and assignment problems have a simple enough structure to effectively use the NLU-based 
modeler, while the structure of the production-scheduling- and investment problems gets a bit too complex for 
the NLU-based modeler to effectively generalize across its domains . In more advanced courses that expect the 
student to model very complex situations, this method will obviously have not too much use. In introductory LP 
courses, on the other hand, this method can be very helpful. 
At this stage this framework can understand 120 problems from six classes and can use this expertise to teach 
students about modeling, problem solving and sensitivity analysis. This foundation for teaching I tutoring can 
be drastically expanded by employing a generic questioning module. This module can automatically generate 
thousands of new problems and will, in doing so, also drastically expand the number of problems that can be 
understood by the NLU-based modeler. This approach is explained and demonstrated in the next two sections. 
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3. Generic Questioning 
Generic questioning is a method for generating large numbers of objectiye-relevant test items for subject-
specific instructional programs. A complete description of generic questioning can be found in (Haladyna, 
1991). My approach (as described here) is also reported by De Kock & DuPlessis (1994c, 1994d, 1996c). 
Generic questioning involves the use of a test item format that has existed for several decades but has not 
received much attention in standard textbooks on testing or in research on testing. 
An item set is a related set of test items that follows the presentation of instructional material. In our case these 
items can be ·used either as tests for the computerized adaptive testing mode or as tutoring material for the 
coaching and electronic performance support modes of our system. Different types of item sets exist, but my 
system only utilizes the problem-solving form. 
The problem solving form includes a scenario and related questions and is intended to measure a student's 
ability to solve a problem, conduct an analysis, make an evaluation, or predict an outcome. In my system's case 
a linear programming problem scenario is sketched, and the student is asked to build a mathematical model 
thereof, to solve it, and to perform a sensitivity analysis of the optimal solution (on his own or with the help of 
my system). 
The first step in setting up the Generic Questioning module is to determine a set of instructional objectives. 
These generic objectives are used as the basis for developing a generic scenario and a list of test items, each 
based on one of the objectives. 
The second step is to create the generic scenario. It holds the key to the proposed questioning strategy. The 
generic scenario has to be populated by subject-specific cases; in our case it consists of about 120 linear 
programming problem descriptions from six classes of problems. 
Once the generic scenario has been constructed, a set of generic questions usually applies to all members of the 
scenario population (with minor variations dependent on the particular situation). 
By making slight changes in the generic scenario a whole new set of tutoring and test material could be 
generated. For example, by changing the coefficients of the objective function and the values of the right hand 
sides of the constraint matrix in a linear programming model (presented by my system) the student is actually 
asked to solve a problem with an entirely different solution. This generic questioning method is therefore 
capable of supplying a magnitude of items for the various modes of our system. Its usage will be illustrated by 
an example in the next section. 
4. Combining Generic Questioning, Natural Language Understanding 
and Computerized Problem Solving in My System 
A combination of generic questioning, computerized problem solving and a natural language understanding 
interface (as described above) can potentially generate an unlimited amount of tutoring and testing material. For 
that to happen the human teacher needs to interact with the system (this function could also be simulated, 
however) and supply lists of changes that must be made to the population of the generic scenario. In doing so 
the generic scenario's population will grow extensively and a large number of new test items will have been 
created. Figure 3.2 describes the generation of unique examples by means of generic questioning. A 
demonstration program that implements this technique was also developed. Instructions on where to find and 
how to run it can be found in appendix 15. The next example shows how the above-mentioned combination and 
human interaction functions within my framework. 
The first step is to determine a set of instructional objectives. Because it is intended for the system to assist 
students in learning linear programming, the following objectives are appropriate: 
l. Starting from a prose description of a problem situation, the student must be able to create a linear 
programming model that when solved will yield a valid solution to the original situation. 
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FIGURE 3.2: DESCRIBING THE GENERATION OF UNIQUE EXAMPLES. 
~~ A SET OF TEXTBOOK PROBLEMDESCRIPTIONS OF LINEAR PROGRAMS 
_, 
A NATURAL LANGUAGE UNDERSTANDING CLASSIFIER AND MODELLER 
OF LNEAR PROGRAMS 
' A COMPUTERIZED PROBLEMSOLVER OF LINEAR PROGRAMS 
' USER INTERACTION: CHANGES CAN BE MADE TO CONSTRAINTS, 
OBJECTIVE FUNCTION AND RIGHT HAND SIDES OF THE CONSTRAINTS. 
ADDITIONS, CHANGES IN COEFFICIENTS AND DELETIONS ARE 
POSSIBLE. 
' A MODULE FOR GENERIC QUESTIONS AND -SCENARIOS 
... 
REVERSE NATURAL LANGUAGE UNDERSTANDING TO REBUILD 
OLD PROBLEMSTATEMENT INTO SOMETHING ENTIRELY DIFFERENT . 
... 
EXPANDED SET OF LINEAR PROGRAMMING PROBLEMS TO SUPPLY 
...oiiL 
..... STUDENT WITH UNIQUE EXAMPLES EACH AND EVERY TIME! 
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2. Given a mathematical model of a linear program, the student should be able to solve it by using the simplex 
method. 
3. Given a simplex tableau, the student must be able to tell the meaning of all numbers and terms in the tableau. 
4. Having obtained the optimal solution the student should be able to accomplish the following tasks: 
a. Determine the effect of changing the right hand sides of the constraints. 
b. Determine the effects of changing the objective function. 
c. Determine the effects of changing a component of the original right hand side vector. 
d. Determine the effects of changing a component of the objective function. 
e. Determine the effects of adding a new variable or activity vector to the optimal solution. 
f. Determine the effects of removing an existing variable from the optimal solution. 
g. Determine the effects of changing the coefficients of the constraints. 
h. Determine the effects of adding a new constraint to the optimal solution. 
i. Determine the effects of removing an existing constraint from the optimal solution. 
The second step is to create the generic scenario. Because the generic scenario has to be populated by subject-
specific cases my generic scenario contains descriptions of the about 120 linear programming problems 
mentioned earlier. They were taken directly from operations research textbooks. 
The next step is to construct a set of generic questions that will apply to all members of the scenario population. 
These questions follow naturally from the objectives set in the first step and correspond, in this case, to 
objectives 1 to 4 that were described above. 
The computerized problem solving routine and the natural language understanding interface now join forces 
with the generic questioning strategy to create a new range of scenarios, and corresponding generic questions. It 
is achieved like this: 
When the system functions in its Generic Questioning mode the course instructor/coordinator interacts with the 
system. (S)he manually picks one of the linear programming problems from the population of the generic 
scenarios. This problem is then processed by the system via the natural language understanding system (see 
captured image 3.1) and the computerized problem solver (see captured image 3.9). The coordinator now plays 
around with the different parameters of the problem and observes how changes in its values or structure affects 
the optimal solution (see for example captured images 3.11 and 3.12). By actually making these changes (s)he 
creates a new linear programming problem statement and new tutoring and testing material. Let's illustrate it by 
our product mix example from section 2. 
When he performs a sensitivity analysis on the right hand side vector our system generates the following 
(repeated here for clarity): The solution remains optimal as long as the limitations on cutting, joining, 
prefmishing and finishing is respected, that is as long as cutting is limited to a minimum of 12, as long as joining 
is limited to a minimum of 24.015 and a maximum of 31.98, as long as prefinishing is limited to a minimum of 
14.023, and as long as finishing is limited to a minimum of 56.060 and a maximum of 79.95 . See captured 
image 3.11. 
The course coordinator can now play around and determine the effects of changing the values of the right hand 
side vector. For example, if he changes the amount of time available for joining the pieces to only 20 hours the 
system responds as follows : 
"The optimal solution changes, because the new right hand side value falls outside the range within which the 
optimal solution stays the same. The new optimal solution follows. The optimal value of the objective function 
is $400. This profit will be achieved by producing 10 units of standard desk and 0 units of executive desk." 
The course coordinator now interacts with the system and tells it to create a new scenario with this new value 
for the right hand side of the constraint for operation joining (see figure 4.2 and captured images 3.13 and 3.14). 
When the student is asked to solve this newly created problem, or when the system uses it to teach the student 
about linear programming, (s)he will actually be working with a problem with an entirely different solution than 
the original one. 
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The system responds by reversing the process that was used to build a mathema~ical model of the linear 
programming problem: From the new mathematical model the slots of the product nux frame are altered and a 
problem statement that reflects the changes that were made to the original pr?blem is created. The new problem 
statement is: 
A furniture manufacturer produces two types of desks: standard and executive. These desks are sold to an office 
furniture wholesaler, and for all practical purposes there is an unlimited market for any mix of these desks, at 
least within the manufacturer's production capacity. Each desk has to go through four basic operations: cutting 
the lumber, joining the pieces, prefinishing and final finishing. Each unit of the standard desk produced takes 
0.8 hours of cutting time, 2 hours ofjoining, 0.67 hours ofprefinishing, and 5.33 hours offinishing time. Each 
unit of the executive desk produced requires 1.2 hours of cutting, 3 hours ofjoining, 2 hours of prefinishing, and 
4 hours of final finishing time. The daily capacity for each operation amounts to 16 how·s of cutting, 20 hours 
of joining, 16 hours of prefinishing, and 64 hours of finalflnishing time. The profit per unit produced is $40 for 
the standard desk and $50 for the executive desk. What product mix is optimal? 
Also see captured images 3.15 and 3.16. The user can name the file where the new problem should be stored. 
This is all done automatically: All that the coordinator must do Is to tell the system which changes to make 
(Much more complicated changes than the one used in the above example are of course possible; it depends 
largely on the creativity of the coordinator). In this manner a magnitude of new scenarios with corresponding 
generic questions can be generated. 
The above described interaction between the course coordinator and the system could also be replaced by an 
automatic process: The system can automatically take the results of the sensitivity analysis into consideration 
and create a new set of scenarios. See captured images 3.17 and 3.18. 
5. Extending this NLU-based Modeler, Solver and Generic Questioning 
Module To Other Mathematical Programming Topics 
The aim is to eventually extend a full-scale implementation of GEORGE to not only be a computer-based tutor 
of LP topics, but to also become a Resourceful Environment for the Clever Tutoring of other Operations 
Research techniques (RECTOR). RECTOR will be described in more detail in chapter 12. The immediate goal 
will be to include other mathematical programming (MP) topics like game theory, classical optimization, integer 
programming, quadratic programming (restricted non-linear programming), umestricted non-linear 
programming, goal programming, detenninistic dynamic programming, network flows and some more LP 
techniques. These topics have some striking similarities: Within each typical problem descriptions can be 
found, model building should first take place before a problem could be solved, a specific technique has to be 
applied to the resulting mathematical model to solve a problem, and sensitivity analysis procedures exist. 
Appendix 1, section 4 provides typical problem descriptions and modeling and solution techniques for each of 
the MP techniques mentioned above. It will hopefully enable the reader to clearly see the striking similarities 
among the different MP techniques that are mentioned above. These similarities will allow us to use 
GEORGE's problem solving module as the basis for RECTOR. A MP Modeler, a MP Solver and a MP Solution 
Analyzer can be developed and used in combination with modified versions of GEORGE's other 5 modules to 
create RECTOR. A general framework for such a development is spelled out by De Kock & Du Plessis ( 1997). 
A computerized problem solver should be developed for each MP topic. It should be capable of automatically 
understanding textbook descriptions of MP problems by means of a pattern recognition NLU system, to 
formulate mathematically models thereof, to solve it and to perform a sensitivity analysis thereof (if applicable). 
Unlike in the rest of the modules of RECTOR, within which the basic structures of GEORGE can be used, 
procedures will have to be implemented from scratch to perform these modeling and solution techniques. The 
newly created problem solving module will therefore consist of a NLU-based MP Modeler, aMP Solver and a 
MP Solution Analyzer. 
Basically the same programming environment as m GEORGE will be utilized to implement the generic 
questioning module in RECTOR. Although the focus of the instructional objectives will change from LP to 
some other MP technique the format will stay the same. The generic scenario will now contain text book 
descriptions of MP problems and the generic questions will follow directly from the learning objectives. New 
MP problem statements and new tutoring and testing material will be created by the coordinator when (s)he 
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Captured Image 3.15: Ma~ual mode of generating new product mix problem scenarios. 
Captured Image 3.16: Newly created product mix problem via the manual mode. 
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Captured Image 3.17: Automatic or manual mode of generating new product mix problems. 
Captured Image 3.18: A newly created product mix problem- automatically generated. 
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interacts (in a way similar as in GEORGE) with the MP modeler, the MP Solver and the MP Analyzer. The fact 
that the same basic structure will be used will reduce the development time and cost considerably. 
6. Contribution 
The author is of the opinion that his work regarding the NLU based modeler is unique within the area of 
operations research- the automatic formulation of mathematical models for over 120 problems by means of this 
system and a set of formal LP problem frames are new. Because these LP frames simulates a human expert's 
thought processes when formulating LP models (Sklar & Pick & Vesprani, 1990), it also provides a human tutor 
with a valual?le tool to teach her/his students modeling techniques (also see the flow chart for the modeling of 
LP problems in the next chapter - captured image 4.8). This feature therefore also adds value. 
The combination of generic questioning, the natural language understanding interface and computerized 
problem solving is an extremely powerful method to generate an unlimited amount of testing and tutoring 
material for an intelligent tutoring environment like mine. It has successfully being implemented in Turbo 
Pascal within the domain expert module of my conceptual framework, and it allows the tutorial module of the 
system to use different problems each time it gives an example, a.demonstration, an explanation, a description, 
interactive coaching, advice, practice activities and tests. 
This novel approach has not only proved itself in the area of linear programming but also holds tremendous 
potential for application in other mathematical programming domains. Tutors in other problem solving subject 
domains like accountancy, statistics and physics, may also benefit from this approach. 
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Chapter 4 
A Visualizer- Verbalizer Friendly Electronic Performance Support 
System (EPSS) - The User Interface of My Conceptual Framework 
1. Combining the Functions of an EPSS and the Characteristics of 
Visualization to Create a User Friendly Interface for My Conceptual 
Framework 
1.1. Goals of the Chapter 
The goal of this chapter is contained in the above heading, namely to create a user friendly interface for the 
presentation module of my intelligent, learning style- and computer based tutor. An electronic performance 
support system (EPSS) will form the basis of this interface. It will utilize a whole range of presentation 
elements to present the material to the student. Because this interface will have to function within a learning 
style based tutoring environment, it will be important for it to be able to accommodate the preferences of 
different types of users. The various presentation elements of the EPSS will therefore have to accommodate 
different learning styles. Chapters 6-9 will investigate these associations between presentation elements and 
learning styles in detail. What will be done in this chapter is to investigate how a study of visualization 
techniques can help us to accommodate both the visualizer and the verbalizer within a simple EPSS and how 
these techniques can actually help us to develop a more effective EPSS. 
1.2. Layout of the Chapter 
This chapter will therefore start of in section 2 by introducing the reader to the concept of an EPSS. This 
introduction of an EPSS is continued in section 3 where a comparison is made between an EPSS and traditional 
help systems, job aids and conventional CBE. The role of the EPSS within my proposed conceptual framework 
is spelled out in section 4. 
Section 5 takes a look at visualization. Because this project's tutoring system is trying to individualize 
instruction based on learning style preferences, it is important to investigate ways in which information can be 
presented visually. Verbal modes of instruction are traditionally the most popular and the best known and 
therefore needs no further discussion. The aim of section 5 is consequently to make a study of visualization, and 
especially of visualization and optimization, visualization and linear programming, and of how visualization can 
be used within my tutoring environment to accommodate the visualizer. The results of this study will be used in 
the design of the EPSS- it will hopefully lead to a better EPSS that effectively accommodates the preferences of 
both the visualizer and the verbalizer. 
The building blocks of my implementation of an EPSS are described in section 6 and illustrated in section 7 by 
means of an example session of the resulting system. A set of 37 captured images are also used to visually 
illustrate the various functions of the EPSS. Demonstration programs were also developed. Instructions on 
where to find and how to run them are listed in appendix 15. 
Section 8 explains why it was necessary to modify this chapter's basic EPSS interface, and also how it was done. 
Section 9 identifies the goals of the study that are supported by this chapter. 
2. An Introduction to Electronic Performance Support Systems 
EPSS is a performance oriented information technology infrastructure. It combines the best of previous 
independent "species" (traditional help systems, job aids and conventional computer-based training) and through 
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Users Question or Request Response of the EPSS in our System 
Why do this? 
What is it? 
What is related to it? 
How do I do it? 
How or why did this happen? 
Show me an example ... 
Teach me ... 
Assist me ... 
Advise me ... 
Let me try ... 
Watch me ... 
Evaluate me ... 
Understand me ... 
How does it work? 
Why does it work like that? 
Compare this or these for me ... 
Predict for me ... 
Where ami? 
What next? 
Explanation of technique or principle. 
Example and consequences. 
Definition, illustrations and descriptions. 
A listing of related items. 
Description of procedure to follow to accomplish task. 
Interactive advisors. 
Flowcharts and step charts. 
A demonstration of the procedure/technique. 
Explanation, example or demonstration. 
Example of concept, principle or technique. 
Interactive coaching of a skill or technique. 
Practice activities with feedback. 
Assessment or testing (also CAT). 
Interactive advisor. 
Structured paths and step charts. 
Flowcharts of procedures/techniques. 
Monitoring systems with feedback. 
Practice activities. 
Monitoring systems. 
Assessments or tests (including CAT). 
Feedback with interpretation. 
Monitoring system tracking user actions on context. 
Explanation of techniques. 
Explanation by means of an example. 
Comparative explanations or descriptions (e.g. of two techniques). 
Descriptions or demonstrations of consequences (e.g. of a step taken in a 
problem-solving algorithm). 
Monitoring and navigation systems. 
Views of context ("you are here"). 
Directions and prompts. 
Specific coaching. 
List of options or paths. 
Table 4.1: Questions and requests to and responses of a typical EPSS 
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a combinatorial approach produces a new "breed" that has familiar attributes but is inherently different at the 
same time (Gery, 1991). 
The goal of an EPSS is to enable people to perform. It does it by supporting a number of questions and requests 
a typical user has when performing new or complex tasks. 
An EPSS simulates a natural learning experience: Recall a situation in which you were required to perform and 
lacked prior knowledge, experience, or training in the activity. Be certain to be very specific about the task you 
have in mind. Then recall the strategies you employed to learn and do the task, and the resources that were 
helpful in making progress. There is a good possibility that you asked questions like: What must I do? How do 
I do it? Am I doing it right? and direct requests to the people around you like: Show me .. . , Teach me .. . , Tell 
me what to do ... It is exactly this natural process that is being simulated by an EPSS. 
Table 4.1 is a summary of how an EPSS is implemented within our environment. It contains a list of questions 
and requests students have when acquiring a new linear programming technique. It also lists possible 
appropriate responses of our system to these questions or needs. 
For example, when learning about LP the user can ask questions like: What is linear programming? Why linear 
programming? How do I do linear programming? Why does linear programming work like that? and make 
requests like: Show me an example .. . , Teach me linear programming ... , Advise me ... , Let me try .. . , Evaluate 
me ... , and Watch me. .. The system responds by means of a point-and-query interface (based on a human model 
of question answering), declarative descriptions, assessments, computer mind mapping, examples, 
demonstrations, coaching, flow charts, step charts, monitoring systems, explanations and so forth. 
Barras-Baker (1994), Bean (1994), Hugo (1996) and especially Gery (1991) are all resources to consult for good 
background information on EPSS. De Kock & DuPlessis (1994a, 1994c, 1994d, and 1996c) touched on the 
role of the EPSS within my conceptual framework. 
3. A Comparison between EPSS and Traditional Help Systems, Job Aids 
and Conventional Computer-Based Education and Training 
Many see an EPSS as simply a well-designed help system or interactive job-aid. It may be true for the most 
general case, but there are definite differences (Gery, 1991), and they are outlined below. 
3.1. Comparing an EPSS with a Traditional Help System 
An EPSS supports a broad range of tasks, whether or not software is involved. A help system typically supports 
only software related tasks and are usually confmed to software rather than job task support. 
An EPSS provides information, task structuring, interactive, conditionally branched advice, examples and 
interactive training. A help system provides passive information only. 
An EPSS has internally cross-referenced information or knowledge. These information or knowledge is also 
linked to other structures. A help system may or may not be internally cross-referenced. It is typically not 
context-sensitive to software applications and not linked to other resources. 
An EPSS can support complex, interrelated tasks with conditionally branching. A help system usually provides 
limited descriptions of procedures and, sometimes, examples. It rarely deals in combined procedures or 
complex tasks. 
An EPSS provides multiple means of access and alternative views of the context. A help system is typically 
accessed through structured menus (listing topics, alphabetical listings, commands, and so forth) . 
An EPSS may accept user input or data. A help system does not accept user input or data except as menu 
choices. 
An EPSS can contain customized views of the information or support. A help system can sometimes contain 
customized views of the information but rarely does. 
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3.2. Comparing an EPSS with a Job Aid 
An EPSS can support simple or complex task performance. It can also address multi-pathed, conditionally 
branched, integrated processes via expert systems. A job aid typically supports simple, linear sequential 
procedural tasks. 
An EPSS can accept user input or data as a basis for situationally specific branching, advice, information 
presentation and so forth. A job aid does not accept user input or data. Structuring occurs in advance of need 
and addresses only limited situations. 
An EPSS provides task structuring, advice, and related information. A job aid does not provide related 
information but does support task structuring. 
An EPSS can present customized views of the system to individual users. A job-aid is structured in advance and 
does not accommodate individual user requirements. 
An EPSS can incorporate multiple modes of information presentation, for example, text, audio, images, 
animated sequences. A job-aid is typically paper-based with the possibility of passive multiple modes, for 
example, text and still images. Electronic job aids can incorporate multiple modes, but is mostly text and still 
images. 
An EPSS can provide alternate access to the information - through menus and/or alphabetical listings, context-
sensitive to software or condition; hierarchical access through outlines; or relational access through hypermedia. 
A job aid typically provides predetermined and structured access. The path is usually linear, because the 
infobase is not integrated. 
3.3. Comparing an EPSS with Conventional Computer-based Education and Training 
An EPSS contains an organized, interactive, hyper-reference infobase. This infobase can be accessed in 
multiple ways or can be prelinked to other components of the system. Conventional CBE & T contains an 
infobase that is typically structured within predetermined presentation sequences. When this infobase is 
organized with hypermedia and linked to interactions or applications software it is more similar to EPSS than to 
traditional training. 
An EPSS contains a broad range of support mechanisms, like interactive advisory or other problem structuring 
and decision support mechanisms. It is utilized to assist users with specific problems or situations. 
Conventional CBE & T may outline procedures or processes as part of an information presentation session, but 
rarely includes other interactive support mechanisms. 
An EPSS can accept and manipulate user input or data. Conventional CBE & T typically uses pre-established 
examples for task practice and does not accept specific user input to address a given user problem, situation or 
need. 
An EPSS permits very flexible navigation and information access by users in a non-linear structure. 
Conventional CBE & T is typically structured in advance by the developer. An optimal approach towards 
communication and the practicing of tasks are followed. It can permit some learner flexibility in access and 
navigation, but most often control is limited to sequencing prestructured modules. 
An EPSS is available while performing a task. It provides support and information when it is demanded and 
needed. Conventional CBE & T is concerned with training and not to support performance on a specific task. It 
is designed to serve as a sequential training experience rather than a reference or support environment. 
In an EPSS the emphasis falls on the user and on his construction of an individualized learning sequence. 
Conventional CBE & T is structured to present information and experiences as organized by the developer. 
Multimedia can be incorporated within an EPSS as well as within conventional CBE & T. 
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An EPSS can monitor the user's performance in a task or system, and can provide context-sensitive advice, 
information, control or various other forms of support. Conventional CBE & T monitors and tracks the user's 
activity to record user paths and user performance on questions and/or exercises. When it is used in 
combination with applications software it is able to "know" where users are and can consequently provide pre-
linked instructional sequences or content. 
An EPSS is granular in design. Conventional CBE & T is modular in design. 
3.4. An EPSS as a Hybrid Concept 
To summarize: An EPSS is actually a hybrid concept. It combines the best of previous independent "species" 
(traditional help systems, job aids and conventional computer-based training) and through a combinatorial 
approach produces a new "breed" that has familiar attributes but is inherently different at the same time. 
4. The Role of the EPSS within My Conceptual Framework 
The frrst part of this discussion refers to my original implementation of Felder and Silverman's model (Felder & 
Silverman, 1988). It caters for 9 different tutoring modes (see chapters 7 and 8). The second part refers to all 
the other models that only cater for one tutoring mode (see chapters 7, 8 and 9). The model that is based on left-
and right brain preferences will be used a representative example in this discussion. The role of the EPSS is the 
same in all these single-mode models. 
A standard version of the above-described EPSS will be used in an implementation of the proposed unstructured 
approach towards tutoring (within my original implementation of Felder and Silverman's model). All of its 
presentation elements (see section 6) will be combined with the student modeling (chapter 10) and the domain-
and motivational-based planner procedures (chapter 11 ). A prototype will be described in a later chapter. It will 
be demonstrated by applying it to the solution of LP problems with the simplex method. A balanced inductive-
deductive approach will be used. 
The fuzzy model of tutoring and learning (see chapter 8) will give the student advice about her/his optimal 
tutoring strategy, but (s)he will always have the opportunity I freedom to select presentation elements (EPSS 
options) of her/his own choice. Hopefully her/his options will correspond to the system's recommendations. 
A structured version of the above-described EPSS will be used in an implementation of the proposed moderately 
structured approach towards tutoring (again within my original implementation of Felder and Silverman's 
model). It differs from the unstructured approach in the sense that the material is presented to the student 
exactly with the tutoring strategy that was decided upon by the system (the fuzzy model of tutoring and 
learning). The student does not have the freedom to change it. S(h)e may, however, add additional presentation 
elements by selecting them from the EPSS menu after the initial tutoring has been completed. 
The tutoring environment that is based on left and right brain preferences also provides tutoring to students by 
making use of the tutoring strategy and presentation elements that was decided upon by the system, and is based 
on the student's preference for either left or right brain elements. These presentation elements are virtually the 
same ones that are used by the EPSS to respond to the user's questions and requests. The environment's 
structure are also almost the same -the student may choose to use the system's recommendations or (s)he may 
choose to select presentation elements other than those which was recommended by the system. This 
environment can therefore approximately be described as an EPSS that is based on left and right brain 
preferences. The EPSS interface will be described in section 6 and modified in section 8. The modified version 
will be used in all the models of teaching/tutoring and learning (see chapters 7, 8 and 9). 
5. Visualization - The Key to Accommodating the Visual and the Verbal 
A number of the models of teaching/tutoring and learning that are used to individualize instruction within my 
conceptual framework (see chapters 7 and 8) make a distinction between visual and verbal learners: 
• One of the dimensions of Felder and Silverman's model of teaching and learning (Felder & Silverman, 
1988) distinguishes between learners that prefer a visual mode of presentation (pictures, diagrams, films 
and demonstrations) and learners that prefer a verbal mode of presentation (lectures, readings, and 
discussions). 
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• The model of teaching and learning that is based on left and right brain preferences (Neethling & 
Rutherford, 1996) also makes this distinction - left brain dominant people prefer verbal information and 
right brain dominant people prefer visual information. 
• The visual-spatial intelligence within Gardner's theory of multiple intelligences (Rose & Nicholl, 1997) also 
favors the visual whereas the linguistic intelligence rather favors the verbal presentation of learning 
material. 
Because this project's tutoring system is trying to individualize instruction based on learning style preferences, it 
is important to investigate ways in which information can be presented visually. Verbal modes of instruction 
are traditionally the most popular and the best known and therefore need no further discussion. The aim of this 
section is consequently to make a study of visualization, and especially of visualization and optimization, 
visualization and linear programming, and of how visualization can be used within my tutoring environment to 
accommodate the visualizer. 
Layout of this section 
Subsection 5.1 defmes visual and verbal representations. Subsection 5.2 considers visualization and the 
modeling life cycle in optimization. Subsection 5.3 takes a look at the differences in preferences of different 
types of people. Subsection 5.4 then investigates the role of visualization in linear programming. Jones (1996) 
made a valuable contribution to the study of visualization and optimization and many of the findings reported 
below are taken from his work. 
Subsection 5.5 describes how visualization is being used within my framework to accommodate the visualizer. 
The usage of pictures, animation, flow and step charts, and computer mind maps is stressed. Screen shots and 
demonstration programs are also provided. They illustrate how both visual and verbal learning style preferences 
can be accommodated within the same tutoring system. 
5.1. Definition of Visualization 
Visualization can be considered synonymous to imagery. Rieber (1995) defmed it as "representations of 
information consisting of spatial, nonarbitrary (i.e. "picture like" qualities resembling actual objects or events) 
and continuous (i.e. an "ali-in-oneness") characteristics". This is in contrast with verbal or semantic 
representations which are "arbitrary (e.g. there is no natural reason why the word "ship" should be used to 
represent the real object) and sequential (e.g. reading a description of a kitchen's design instead of randomly 
scanning a picture of it)". Visualization also includes both internal (e.g. mental imagery) and external 
representations (e.g. real objects, printed pictures and graphs, video, film, animation)". 
This defmition clearly distinguishes between visual and verbal information. Text is considered to be verbal 
information and graphical images visual representations 
5.2. Visualization and the Modeling Life Cycle 
Optimization projects involve a series of stages or steps, that is a modeling life cycle. For our purposes the 
modeling life cycle will consist of five stages: Model development, algorithm development, solution analysis, 
results presentation and implementation. Before focussing on how visualization is used in the different stages, it 
is necessary fust to provide a little background information on the modeling life cycle. 
Model development includes identifying the underlying problem, collecting and analyzing data and formulating 
a mathematical model. Algorithm development may be trivial, if an existing piece of software can be used to 
analyze the model developed, or pretty complex, if the algorithm must be constructed from scratch. These 
algorithms produce solutions to the models. These solutions must be tested, probed and debugged - the data 
could have errors, the model could have problems or the algorithm could fail to converge. Once a debugged 
model, data and algorithm have been found, the analysis continues by attempting to understand their behavior. 
A what-if analysis is the result: Answers to questions like "What happens when a constraint is relaxed?" and 
"How does the solution change if an input variable is increased?" are sought. In solution analysis one therefore 
attempts to relate information provided by the algorithm back to the real problem being attacked. The next 
phase involves representing the results generated by the previous phases to the people paying for the study I the 
people actually responsible for solving the problem. In most cases it would be necessary to convince them that 
the recommendations being made are sound. The final phase is the implementation of the results of the analysis. 
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Different types of representations can be used to visualize the different phases of ~n opti~ization ~roject. It 
includes text, tables, hypertext, networks and graphs, static graphics, animated or mterachve graphtcs, sound, 
touch and virtual reality, and multiple dimensions ' 
Text representations in the form of algebraic languages, programming languages, standard output and narrative 
descriptions can be used to visualize the modeling life cycle stages model development, algorithm developme~t, 
solution analysis and results presentation, respectively. Spreadsheets and block structured tables can help m 
visualizing the model development phase; matrix images can be utilized for visualization purposes in algorithm 
development and solution analysis; and summary tables _can be extremely useful to visualize the results o~ the 
analysis. Graph based static graphics can be helpful to visualize in the model development phase, vtsual 
languages are being used to assist in visualizing algorithm development while presentation graphics are used for 
the solution analysis and the results presentation phases of the modeling life cycle. Different forms of animated 
or interactive graphics can also assist in visualization during the modeling life cycle: Modeling by example 
helps during the model development phase, algorithm animation is used during the algorithm development and 
results presentation phases, and animated sensitivity analysis is extremely useful during the solution analysis 
and results presentations stages. 
5.3. Visualization and People 
Different types of people are anchored to different types of representations. Analysts, i.e. experts in 
optimization technology, are usually quite comfortable with algebraic formulations. They understand the 
technical details of the mathematics and have a sound knowledge of computer science. Decision makers, i.e. 
experts in the problem that needs to be solved, oil the other hand, often find algebraic representations hopelessly 
obtuse. They usually understand the problem to be solved and have their own representations of aspects of the 
problem. Their preferred representation format is usually quite different from algebraic notation. Analysts and 
decision-makers use distinct vocabulary, terms, and representations in their job. Analysts are typically 
verbalizers with a left brain preferences, while decision makers are often visualizers with a right brain 
preference. The challenge is to facilitate communication between these groups. Visualization and its different 
representation formats may help to achieve this. 
It would be much easier for an analyst to learn about linear programming in a verbal presentation mode than in a 
visual (because it is his preferred style of learning), and much easier for a decision-maker to learn in a visual 
presentation mode than a verbal one. Linear programming is consequently taught in a student's preferred 
learning style within my tutoring environment: A verbalizer will receive a presentation consisting of verbal 
presentation elements like theoretical readings, step charts, descriptions, pseudo code and explanations; and a 
visualizer a presentation consisting of visual presentation elements like pictures, diagrams, flow charts and 
demonstrations. A student will therefore learn about linear programming in her/his preferred learning style. In 
some cases a combination of verbal and visual modes are used because it proved to be the most effective way to 
teach a specific aspect . 
5.4. Visualization and Linear Programming 
Since my tutoring system has a linear programming curriculum, it is appropriate and indeed important to focus 
on -how the various tasks in the linear programming modeling life cycle have been visualized in other systems. 
Later, in section 5.5, we will see how this knowledge can help us to accommodate both the visualizer and the 
verbalizer within my tutoring environment. 
The Mentor project in the United Kingdom (Jones, 1996) has developed hypermedia for teaching mathematical 
programming. It includes modules on linear programming. Mentor provides text, graphics, and video 
illustrations of various .concepts. One of the modules teaches the graphical solution technique for linear 
programming. It provides a windows-based tool that allows users to add one constraint at a time and see how 
the constraint affects the feasible region. Users can explore a full graphical illustration of a two-variable linear 
program. 
Graphical linear programming models were also created. Networks, a system based on graph grammars, were 
used for this purpose. Graphs and networks can also be used to make pictures of linear programming problems, 
like the traveling salesmen problem and the vehicle routing problem. Text books on linear programming 
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problems frequently use graphical illustrations to visualize linear programming problems, for example the 
transportation problem. 
The purpose of animated sensitivity analysis is to animate how the solutidn changes as input parameters are 
changed continuously. Jones (1993) demonstrated applications of this idea to teaching the graphical solution 
technique for two variable linear programming problems. Users can, for example, change a right-hand side 
value by dragging the line representing the constraint with the mouse. As the line is dragged, the optimal 
solution, feasible region and dual variables are recalculated and redisplayed simultaneously. 
Two other applications of animated sensitivity analysis are reported in the literature: 
In the Animated Interactive Modeling System (AIMS) that was developed by Buchanan and McKinnon (1991) 
model inputs and outputs are displayed as vertical bars. The inputs are known as the control variables. Users 
can change the values of these control variables by dragging their corresponding bars with the mouse. The 
values of the output variables are then simultaneously updated and displayed. 
Jones (1996) also reported on the work of Belton, Elder and_Meldrum. They developed a system known as 
Visual Interactive Linear Programming (VILP) that is targeted specifically to linear programming. In VILP the 
values of the right-hand sides, objective coefficients, decision variables, dual prices and objective are 
represented as bars. For the objective function coefficients and right-hand side values an arrow points to its 
current value. Horizontal lines representing the minimum and maximum allowed values are also associated 
with these bars. Using a mouse users can change the value of the right-hand side values and objective 
coefficients simply by dragging on the corresponding bar. As the change is made, the solution is recalculated 
and the sizes of all the relevant bars are updated. VILP is not limited to problems of two variables and can 
handle problems of arbitrary size. 
Parallel coordinates, a relatively new representation technique for n-dimensional information, were also applied 
to linear programming by Chatterjee, Das and Bhattacharya (1993). In this technique, instead of drawing then 
coordinates axes perpendicular to one another as in Cartesian coordinates, the axes are drawn as parallel vertical 
lines. Although the parallel coordinates technique may help visualize larger dimensions, drawing polyhedra (a 
core object used in linear programming) with the hundreds, thousands or millions of dimensions for linear 
programming problems now routinely solved still seems almost hopeless. It appears therefore that the 
visualization of complex, n-dimensionallinear programming problems is doomed (Jones, 1996). 
5.5. The Role of Visualization Within a Learning Style- and Computer Based Tutor of 
Linear Programming Topics 
This section describes how visualization is used within my conceptual framework to accommodate the 
visualizer. The usage of pictures, animation, flow and step charts, and computer mind maps is stressed. 
Equivalent strategies for the verbalizer are also mentioned, albeit briefly. These strategies will illustrate how 
both visual and verbal learning style preferences can be accommodated within the same tutoring system. Screen 
shots and demonstration programs are also provided. 
5.5.1. Assessing Verbal and Visual Learning Styles 
Most of my models of teaching/tutoring and learning accommodate visualizers and verbalizers. Different 
assessment instruments are, however, used in each to determine whether the student is a visualizer or a 
verbalizer. 
For example: The results of a fuzzy interpretation of the Visualizer-Verbalizer Questionnaire (Kirby & Moore, 
1988) are used in my m9del of tutoring and learning that is based on Felder and Silverman's approach (Felder & 
Silverman, 1988) to determine to which degree the student prefers a visual and to which degree (s)he prefers a 
verbal approach towards learning. The results of a fuzzy interpretation of a modified version of Neethling's 
Brain Profile Test (Neethling & Rutherford, 1996) are used in the model of tutoring and learning that is based 
on left- and right brain preferences to determine to which degree the student prefers a visual and to which degree 
(s)he prefers a verbal approach towards learning. 
Strong visual preferences will be accommodated by presenting lots of visual items, strong verbal preferences 
will be accommodated by presenting lots of verbal items, and balanced visual-verbal preferences will be 
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accommodated by a mixture of visual and verbal items. The next section will identify such items in the context 
of the LP curriculum. 
5.5.2. A General Framework to Accommodate Both the Visualizer and the Verbalizer 
5.5.2.1. Making Pictures 
Frameworks for the construction of animated pictures of the six classes of LP problems were developed and 
implemented. The particulars of a chosen problem are ~xtracted via the NLU-based modeler and fed into the 
appropriate framework. This framework is then activated and the corresponding visualization of the problem is 
displayed. It satisfies the visualizer's preference - the verbalizer is accommodated by providing narrative 
descriptions of the problems. Figure 4.1 illustrates how this procedure works. 
The framework for the product mix problem builds animated pictures for each of the products and operations 
involved and demonstrates how these products goes through each of the different operations. See captured 
image 4.1. The left-hand-sides of the problem's constraints are visualized in the process. Visualizations for the 
objective function values, limitations on the operations (its capacities) and upper- and lowerbounds on the 
number of products are also constructed. Animated pictures are again used. 
The framework for the blending problem makes pictures for each of the products, blends and ingredients. The 
composition of each product I blend is visualized by demonstrating how much of each ingredient is found in 
each of these products I blends. This represents the left-hand-sides of the problem's constraints. Colorful 
animations are used. Pictures are also constructed to visualize the objective function values, the right-hand-
sides of the constraints and the upper- and lowerbounds of the number of products I blends. See captured image 
4.2. 
The framework for the transportation problem builds pictures of each of the factories (suppliers) and warehouses 
I distribution centers (demands) and indicates the capacity of each. The cost of using a route is demonstrated by 
picturing how a product is transported from a factory to a warehouse. All possible routes are visualized. 
Colorful animations are used. See captured image 4.3 . 
The assignment problem is visualized in a very similar way as the transportation problem. Pictures are built for 
each of the persons and jobs. The cost of assigning person ito job j is demonstrated by picturing how person i is 
assigned to job j. All possible assignments are visualized. Colorful animations are again used. See captured 
image 4.4. 
Animated picture representations are also provided for the investment problem. Colorful visualizations are 
provided for the objective function and each of the constraints. The different investment opportunities are 
pictured, it is shown how they are restricted and how they contribute to the investor's overall return on 
investment. 
The framework for the production scheduling problem builds animated pictures for each of the products and 
operations involved. It also demonstrates how these operations are combined into different processes. It is then 
shown how these products are manufactured by going through the different processes. The left-hand-sides of 
the problem's constraints are visualized in the process. Visualizations for the objective function values, 
limitations on the processes (its capacities) and upper- and lowerbounds on the number of products that can be 
manufactured, are also constructed. Colorful animated pictures are used. 
For demonstration purposes the system randomly generates a linear programming problem from our database of 
problems. It may come from any one of the six different types of problems our system caters for. See captured 
image 4.5 . A verbal description of the problem is then provided and it is followed by a visual representation 
thereof (accommodating both the verbal and visual learning style preferences in the process). The visual 
representation is in the form of a colorful animation - pictures are made of the LP problem under consideration. 
These pictures can also be used to assist the student in learning how to build a mathematical model of the 
problem (see the flow chart of the module on building mathematical models, captured image 4.8). It therefore 
serves a dual purpose: It provides material in a visualizer's preferred mode and also assists learners, visualizers 
and verbalizers, in learning how to formulate LP problems mathematically. 
A mathematical formulation of the problem is displayed to end off the demonstration. See captured image 4.6. 
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Capture Image 4.1: Making animated pictures of product mix problems. 
Captured Image 4.2: Making animated pictures of blending problems. 
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Captured Image 4.3: Making animated pictures of transportation problems. 
Captured Image 4.4 : Making animated pictures of assignment problems. 
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Captured Image 4.5: Menu that controls the making of animated pictures of LP problems. 
Captured Image 4.6: A mathematical formulation of aLP problem ends off the demonstration. 
I
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Instructions on where to find demonstration programs for this procedure and how to run them are provided in 
appendix 15. 
5.5.2.2. Tables to Visualize Solution Procedures 
Simplex tables, text and color are used to demonstrate how the simplex method solves a linear programming 
problem. It is used in examples, demonstrations, and in coaching, testing and monitoring activities. See the 
demonstration program for an EPSS for the simplex method, and captured image 4.7. 
Tables can also be used to demonstrate how Vogel's method and the transportation algorithm are used to solve 
transportation problems. 
The Hungarian method for assignment problems is pictured by using assignment matrices. 
The above-mentioned are text visualizations and are not used specifically for visualizers alone. 
5.5.2.3. Algorithmic Execution 
Animated flow and step charts were developed for each of the modules in the proposed LP curriculum 
(appendix 1, sections 1 and 2). They are visualizations and verbalizations of various algorithms and techniques. 
Verbal explanations accompany each step in these charts. These flow- and step charts can be used in 
combination with the above mentioned tables to demonstrate algorithmic executions. See the EPSS on the 
simplex method for an example. Also study captured images 4.8, 4.9 and 4.10 .. 
These animated flow charts can be used to explain different problem solving techniques to visualizers, and the 
corresponding step charts can be used to do the same explanations for verbalizers. Structure diagrams can 
complement the visualizers' explanations and pseudo code the verbalizers'. 
Demonstrations were prepared for each of the 18 modules in the LP curriculum. Instructions on where to find 
these demonstration programs and how to run them are provided in appendix 15. 
5.5.2.4. A Visual Representation of Sensitivity Analysis 
A procedure that implements the technique of animated sensitivity analysis for product mix, blending and 
transportation problem was developed. For demonstration purposes a problem from one of these classes is 
randomly generated, formulated and solved by the system. The values of the right hand sides, objective 
function coefficients, decision and slack variables and .the objective are represented as vertical bars. See 
captured images 4.11 and 4.12. 
The student then has the opportunity (in a problem solving environment) to perform a sensitivity analysis on the 
optimal solution and to change the values of the objective function coefficients and the constraints. As the 
changes are made, the solution is recalculated and the sizes of all the relevant bars are updated. The old and 
new values of all the relevant parameters are then displayed as vertical bars alongside each other. It enables the 
student to see visually how the solution changes as the values of the input parameters change. 
These "static animations" of the sensitivity analysis procedure are used to accommodate the visualizer - the 
verbalizer is accommodated by providing similar narrative descriptions of the process. Figure 4.2 illustrates 
how these demonstrations are created. 
Animated sensitivity analysis procedures will also be used in a full-scale implementation of the tutoring system 
- also in a tutoring mode· and not only within a problem solving environment - to explain sensitivity analysis to 
visually oriented students. Narrative descriptions will accommodate the verbalizer. 
5.5.2.5. Mind Maps 
Text has a sequential and visuals a parallel nature. A person having a visual preference in our student model 
will therefore most probably prefer a global approach to learning and a person with a verbal preference a 
sequential approach. 
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Captured Image 4.9: An animated flow chart for the simplex solution method. 
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Captured Image 4.10: An animated step chart for sensitivity analysis (transportation problems). 
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Captured Image 4.12: Animated sensitivity analysis of a product mix problem (continued). 
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Visualization in the form of computer mind maps is therefore used for visualizers to give them an overview of a 
subject area. The details are supplied later (in text mode). The complex interrelations between the central 
concepts of a subject area are more easily communicated with visuals than otherwise. Visualization therefore 
helps to improve the survey-ability of information for the visualizer. 
The verbalizer, on the other hand, does not require such an overview and will immediately start to make his 
way sequentially through the learning material. In most cases they will not need an equivalent structure. 
A computer mind map was consequently constructed for demonstration purposes. It covers the proposed LP 
curriculum. See captured images 4.13 and 4.14. Instructions on where to fmd demonstration programs for this 
mind map presentation and how to run it are provided in appendix 15. 
6. Building Blocks of the EPSS within My Conceptual Framework 
Captured images 4.15 and 4.16 represent the menus that control an EPSS on the simplex method. This EPSS 
consists of a number of building blocks- procedures that were developed to implement the EPSS. A Point-and-
Query interface, computerized adaptive testing, a computerized problem solver, generic questioning, computer 
mind mapping and a whole set of other presentation elements were all developed to enable us to implement a 
simple EPSS for the LP environment. They are described in the following six subsections. A demonstration of 
their usage is provided in section 7. 
6.1. A Point-and-Query Interface 
The importance of questioning in the process of text comprehension, learning and creativity cannot be stressed 
enough. Existing educational software lacks this ability and users thereof are unable to quickly ask a broad 
diversity of questions and quickly receive informative answers. As a result researchers have developed a point-
and-query interface to overcome those barriers (Graesser & Langston, 1992). The student points to a word, 
phrase or picture element on the computer screen that displays the material to be learned, points to one of a set 
of questions that is relevant to the element and reads the answer to the question. 
The answers to the questions are designed around a model of human question answering called Quest. Quest is 
a computer model of question answering that simulates answers that adults produce when they answer open-
class questions (for example why, how, what-if) and closed-class questions (for example, Is X true, or false?). 
See Graesser & Gordon & Brainerd (1992) and Graesser & Franklyn (1990). Quest specifies the information 
sources that are tapped for answers to a question. Each information source is a highly structured data base, with 
statement nodes organized by a network of directed relational arcs (for example reason, manner, outcome and 
property). Each question category has a particular arc search procedure that pursues specific paths of arcs and 
nodes in an information source. 
This type of question-and-answer interface can be integrated within a hypertext environment. Answers to 
questions are preformulated and therefore quickly accessed when pointed at. 
A learning module that handles taxonomic, spatial and causal knowledge structures in the context of LP was 
developed and implemented within the proposed EPSS. It is activated by making use of the "What is it?" option 
in our EPSS (see section 7 for more information). Captured images 4.17 and 4.18 are screen shots of the point-
and-query interface in action .. 
We believe that this point-and-query interface will encourage a more active, inquisitive, and creative thinking 
style in the minds of learners. It is imagined that a learner could ask hundreds of questions in an hour session 
with this learning module. Students will not only learn how to ask good questions about topics they are 
unfamiliar with, but will also develop good cognitive styles in the process. 
Instructions on where to find demonstration programs for the point-and-query interface, and how to run it, are 
provided in appendix 15. 
6.2. Computerized Adaptive Testing(CAT) 
A CAT procedure was developed for the "Evaluate me ... " option of the EPSS. The goal of a CAT procedure is 
to use the least amount of questions necessary to determine the level of performance of an examinee (Van 
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Captured Image 4.13: A computer mind map of the LP curriculum (control menu). 
Captured Image 4.14: A computer mind map of the LP curriculum: Sensitivity analysis. 
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Captured Image 4.15: An EPSS for the simplex method (control menu) 
Captured Image 4.16: An EPSS for the simplex method- A list of questions and requests. 
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Captured Image 4.17: Top level menu of a point-and-query (P & Q) interface. 
Captured Image 4.18: Investigate "Alternative optimal solution" within a P&Q interface. 
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Tonder, 1994a; Van Tonder, 1994b). Many CATs attempt to tailor a test to an individual's achievement level by 
avoiding questions that are extremely easy or difficult. Instead questions that are closer to his or her ability 
level are chosen. Figure 4.3 outlines a typically CAT process. 
Researchers usually made use of item response theory in their attempts to set up efficient CATs. It, however, 
requires between 200 and 1000 examinees for estimating the necessary item parameters to implement it. This 
was not practical for instructional designers and alternatives were sought. Wald (Welch & Frick, 1993) came 
up the Sequential Probability Ratio Test (SPRT). It was improved by him by combining it with normative 
expert system reasoning. The new approach is known as EXSPRT-based CAT. EXSPRT has already proved 
itself to be a viable and practical alternative to ITR. A mixture of SPRT and EXPSPRT is used in our 
framework. · 
A basic logic underlies the discrete likelihood estimation procedure that is the foundation of SPRT, EXPSPRT 
and intelligent versions thereof (for example EXPSPRT-I). We shall illustrate the functioning of the CAT by 
addressing the simpler approach taken by the SPRT-based test. 
Suppose you have an item pool for assessing mastery of a single learning objective( an important assumption: 
the objective can be as narrow or wide as desired) . Lets assume· further that past experience has shown that 
students who have mastered the objective (masters) score 0.85 on the average, and those who have not 
(nonrnasters) score 0.40. From an expert systems perspective, those conditions are expressed though the use of 
"IF THEN" rules and from a mathematical perspective as conditional probabilities. The four basic types of rules 
needed for the execution ofSPRT (and its variants) are: 
Rule lA: Prob(Correct I Master) = 0.85; 
Rule lB: Prob(Incorrect I Master)= 0.15; 
Rule 2A: Prob(Correct I Nonrnaster) = 0.4; and 
Rule 2B: Prob(Incorrect I Nonrnaster) = 0.6. 
During an SPRT-based adaptive test, a randomly selected item is chosen from the item pool and presented to the 
student. After observing and evaluating the student's response, a probability ratio (PR) is calculated: 
PR 
where 
p om prior probability of mastery; 
P on prior probability of nonrnastery; 
P m probability of a correct response for a master; 
P n probability of a correct response for a nonrnaster; 
r number of correct answers so far; and 
w number of wrong answers so far. 
The prior probabilities of mastery and nonrnastery are set to 0.5 because one has no prior information about a 
particular student which can be used. 
This ratio is then compared to the following three decision rules: 
l. If PR :2: ( l-f3)/a, then choose the mastery hypothesis and discontinue observations. 
2. IfPR ~ (f3/(l-a), then choose the nonrnastery hypothesis and discontinue observations. 
3. If f3/(1-a) < PR < ( 1-!3)/ a, then randomly select another question and continue observations. 
The values of a and I3 in these rules depend on the decision makers willingness to erroneously call someone a 
master/nonrnaster who is actually a nonrnaster/master; i.e. alB is the probability of making a false 
mastery/nonrnastery decision. For example, if the decision maker set a to 0.05 it means that whenever the 
SPRT reaches a mastery decision, that decision would be expected to be wrong in 5 percent of the cases in the 
long run. Similarly, if I3 is set to 0.001 it means that whenever the SPRT reaches a nonrnastery decision, that 
decision is expected to be wrong in 1 out of 1000 cases. 
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Before implementing SPRT, we must specify how confident we want to be with the decision m~d~ ((1-a) and 
(1-13)) . If we wishes to be 95% confident with the overall results of the SPRT and were w1lhng to make 
misclassifications of masters and nonmasters equally often, we would set a= J3 = 0.025 . 
' 
The probability of a correct response for masters (Rule lA) and nonmasters (Rule 2A must also be ~et 
beforehand. It can be empirically derived or specifically chosen. In our case it is assumed that experience With 
the item pool has revealed that students who are truly masters answer on the average 85% of the questions 
correctly (Rule lA), and those who are truly nonmasters answers on the average 40% of the questions 
correctly(Rule 2A). 
An iterative procedure is undertaken next until the stopping criteria set in Decision Rules 1 and 2 are met: 
Questions are randomly selected from the item pool and presented to the student, the appropriate ratios are 
calculated, and the necessary decision rules evaluated. 
Advantages of CAT procedure includes a significant saving in testing time, and the elimination of frustrations 
with items that are much too difficult or much too easy for students. 
Instructions on where to find demonstration programs for a CAT: and how to run it, are provided in appendix 
15. See captured images 4.19, 4.20 and 4.21 for a few screen shots from the CAT in action. 
6.3. A Computerized Problem Solver 
A computerized problem solving module was developed for LP. It was comprehensively described and 
illustrated in the previous chapter. It is capable of automatically understanding textbook descriptions of 
approximately 120 LP problems (by means of a pattern recognition natural language understanding system), to 
formulate mathematically models thereof, to solve it and to perform a sensitivity analysis thereof. This is all 
done in order to generate tutoring and testing material for the EPSS. 
This procedure, however, can only generate a limited amount of material. To be original each time it is called, it 
needs to have the ability to generate novel material on every occasion. Generic questioning (also 
comprehensively described in the previous chapter) will provide this necessary characteristic and the ability to 
generate large numbers of high quality test (for the evaluation modes of the EPSS) and tutoring items (for the 
coaching mode of the EPSS). A summary of generic questioning is, for completeness sake, provided next. 
6.4. Generic Questioning: What it is, and what it is used for in the EPSS 
Generic questioning is a method for generating large numbers of objective-relevant test items for subject-
specific instructional programs (Haladyna, 1991). It involves the use of a test item format that has existed for 
several decades but has not received much attention in standard textbooks on testing or in research on testing. 
An item set is a related set of test items that follows the presentation of instructional material. In our case these 
items can be used either as tests for the CAT option or as tutoring material for the coaching option of the EPSS 
(Question How do I do it? and requests Teach me .. . Show me an example ... and Evaluate me .. . ). Different 
types of item sets exists, but our system only utilizes the problem solving form. 
The problem solving form includes a scenario and related questions and is intended to measure a student's 
ability to solve a problem, conduct an analysis, make an evaluation, or predict an outcome. 
The first step in setting up the generic questioning mode is to determine a set of instructional objectives. These 
generic objectives are used as the basis for developing a generic scenario, and a list of test items, each based on 
one of the objectives. 
The second step is to create the generic scenario. It holds the key to the proposed questioning strategy. The 
scenario has to be populated by subject-specific cases. Once the generic scenario has been constructed, a set of 
generic questions usually applies to all members of the scenario population (with minor variations dependent on 
the particular situation). 
By making slight changes in the generic scenario a whole new set of tutoring and test material could be 
generated. This generic questioning method is therefore capable of supplying a magnitude of items for the 
various options of the EPSS. 
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For that to happen the human teacher needs to interact with the system (this function could also be simulated, 
however) and supply lists of changes that must be made to the population of the generic scenario. In doing so 
the generic scenario's population will grow extensively and a large number of new test items will have been 
created. 
6.5. Computer Mind Mapping: What it is, and what it is used for in the EPSS 
Mind mapping was invented by Tony Buzan (Buzan, 1982; Rose, 1985; Rylatt & Lohan, 1995) following his 
research into note taking techniques. It can be used inter alia for note taking, creative and report writing, 
studying individually or as a group, as a tool in meetings and think tanks, and as an aid in giving a talk. 
A mind map is constructed in the following manner: Write down a central word or concept; around the central 
word you draw 5 to 10 main ideas that relate to that word. You then take each of those child words and again 
draw 5 to 10 main ideas that relate to each of those words. In this way an exponential number of related ideas 
can be quickly produced with virtually no mental effort. 
Traditionally mind maps are drawn with pen and paper, but lately this process has been computerized and 
computer mind mapping is the result. 
A computer generated mind map can be easily restructured (by moving words and trees of words around), 
different features of it can be highlighted in an instant, it has a high quality appearance and can be exported to 
other media. Its greatest advantage, however, is its support of a "zoom-in-on-detail" facility. 
Being brief and using single words is the key to a good mind map, but sometimes you need to write sentences of 
explanation for yourself or others. The "zoom-in-on-detail" facility allows you to do this, and to keep the extra 
information hidden until it is needed. This can also be used for learning information: You should be able to 
recite "extra" information without looking at it. When you can do this, you have learned; you then only need the 
key words to bring back the detail. 
The question: "How can this seemingly extremely powerful tool be utilized in a simple EPSS?" immediately 
comes to mind. Computer mind mapping lends itself particularly well to be used in the response from the EPSS 
to the following questions and requests from the user: What is it? How do I do it? How does it work? Where 
am I? Advise me.. . Wherever a descriptive explanation must be given, a summary has to be made, or an outline 
has be drawn, computer mind mapping is one of the tools to consider. 
The user is also able to make summaries of his own by taking the EPSS option: Let me try. He now actively 
builds his own computer mind map. This act of creating a mind map will greatly increase how much he absorbs 
from a learning session. If he ever wants to review a specific topic, all he has to do is to look at his 
corresponding mind map (on the media ofhis choice). See captured images 4.22 and 4.23. Consult appendix 15 
to see where copies of this module can be found. Instructions on how to use it are also provided. 
6.6. Other Presentation Elements 
A whole range of other presentation elements were also developed to aid in implementing my version of Gery's 
EPSS and to provide answers to a student's questions and requests on LP (see table 4.1). These elements are 
described below. 
Teaching Games 
A number of thinking games (De Bono, 1996), whose aim is to develop different aspects of thinking, were 
computerized and combined with the coaching procedures eithin the tutoring environment. These teaching 
games then simultaneously teach students LP skills and give them an opportunity to practise their thinking 
skills. See captured images 4.24 and 4.25 . Also see chapter 9. 
Descriptions 
Descriptions are used to verbally introduce concepts, skills and techniques. It is used on its own and in 
combination with mind maps, the point-and-query interface, flow- and step charts, tutorials, and so forth. It 
provides answers to who, what, where, when and how questions. 
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Captured Image 4.19: A CAT for the simplex method (control menu). 
Captured Image 4.20: "Request and reply" screen of CAT within EPSS. 
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Captured Image 4.21: CAT in action- waiting for an answer from the student. 
Captured Image 4.22: A facility to build mind maps (control menu). 
Stellenbosch University  https://scholar.sun.ac.za
80 
Captured Image 4.23: Buiding a mind map for the LP curriculum. 
Fl FOR ED I TING HELP 
I 
F~ FOP GAllE DESCRIPTICN 
Captured Image 4.24: A De Bono thinking game to simultaneously teach thinking and LP. 
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Captured Image 4.25: Introduction to a coaching lesson within a De Bono thinking game. 
Captured Image 4.26: Problem statement for "Show me an example" request (EPSS). 
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Explanations . . 
Explanations are used to provide answers to all the "why" questions of the curnculum .. It ts used, for ex~mple, 
to provide reasons for using the simplex method, for choosing a particular e~tering vanable and for definmg an 
artificial auxiliary variable. 
Examples . . . , 
Worked-out examples can also be provided on any one of the LP techniques that IS covered m our s~stems 
curriculum. These examples do not contain any descriptions or explanations. An example of the simplex 
method will therefore only consist of a number of simplex tables. See captured images 4.26-4.29. 
Step-by-step tutorials 
Step-by-step tutorials on the LP curriculum attempt to imitate the human teacher in offering one-to-one 
instruction. An interactive dialogue between the system and the learner takes place. It consists of the 
presentation of information (for example the different steps of the simplex method) and practice opportunities 
· (like giving the student the opportunity to solve a LP problem with the simplex method). See captured images 
4.30 and 4.31. Feedback from the system, that is based on the student's response to questions and exercises, is 
also part thereof. 
Drill-and-practice exercises . 
In the drill-and-practice exercises the instruction of basic skills (like the simplex method) is followed by the 
provision of extensive practice in sub-skills (for example the pivoting process). Questions are asked and 
feedback are provided. The aim of these questions is to enhance retention and transfer. 
Demonstrations 
Demonstrations utilize charts, descriptions and simulations to explain LP techniques. For example, when 
demonstrating the different steps in the simplex method the system will provide a mathematical model of the 
problem that is to be solved, a flow- or step chart that highlights the active step, a description of that step, and 
finally, the application of that step to the current problem. The student is able to interact with the system and to 
control the tempo of the presentation. 
Flowcharts, Step Charts, Diagrams and Pseudo-code 
Animated flow and step charts were developed for each of the modules in our system's LP curriculum. They are 
visualizations and verbalizations of various algorithms and techniques. Verbal explanations accompany each 
step in these charts. These animated flow charts can be used to explain different problem solving techniques to 
visualizers, and the corresponding step charts can be used to do the same explanations for verbalizers. Structure 
diagrams can complement the visualizers' explanations and pseudo code the verbalizers'. See captured images 
4.32, 4.33 and 4.34. 
Theoretical and Practical Readings 
A set of theoretical and practical readings on LP was also compiled. Readings about interesting LP applications 
and how the simplex method can be used to find optimal solutions for these interesting cases are examples of 
such readings. Reflective learners typically have a need for theoretical readings (so do people with a Ll 
dominance (Ll = top left quadrant of the brain)) while active learners will rather prefer practical readings and 
case studies (so do people with a L2 dominance (L2 =bottom left quadrant of the brain)). 
Case Studies 
Case studies on the actual usage of LP and its techniques in the real world were collected, and are presented to 
students, especially to students who prefer practical aspects . An example is the application of LP in a Data 
Envelopment Analysis (DEA) model to measure the efficiencies of academic departments at a university . 
Asking of Stimulating Questions 
An environment within which the student can ask a whole range of pre-formulated questions about interesting 
aspects of the curriculum was created. It particularly suits learners which like exploring a subject, who like to 
learn more than is required and who like to have that information right now. 
Opportunity to reflect/think 
Stimulating ideas about LP are presented to the student. The system then allows the student to reflect on the 
idea before providing some feedback. A puzzling case, may for example, be presented to the student. He can 
then try to solve it by himself. When he is ready he may consult the system and compare his solution with that 
of the system. Assimilators are especially fond of this activity. 
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Captured Image 4.27: Formulated LP problem for "Show me an example" request (EPSS). 
Captured Image 4.28: A simplex table for the example problem. 
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Captured image 4.29: Optimal solution to the example problem ("Show me an example ... ") 
Captured Image 4.30: The " request and reply" screen for the "Teach me ... " request (EPSS). 
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Captured Image 4.31: A coaching lesson in progress ... (response to "Teach me . .. " request). 
Compute neTJ tableau 
by pJ.voting. 
Captured Image 4.32: A structure diagram of the simplex method. 
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Captured Image 4.33: Pseudo code for LP modules (control menu). 
Captured Image 4.34: Pseudo code for the dual simplex method. 
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Monitoring Systems 
Monitoring systems provide an informal testing environment. A problem is presented to the student. The 
system monitors the student's progress as he tries to solve it. No help or explanations are provided. The system 
diagnoses possible problem areas in the student's knowledge and advises him on which areas he should 
concentrate on before taking a CAT and be classified as a master or a nonmaster on a specific topic. When 
monitoring a student's knowledge level on the simplex method, for example, the system may advise the student 
to do some more exercises in order to improve his skills on the pivoting process. See captured images 4.35 and 
4.36. 
Navigation facility 
A monitoring matrix is kept to enable the system to record a student's progress through the le,arning material. It 
supplies answers to questions students often ask, like "What next?" and "Where am I?". Such a matrix forms 
part of the cognitive model that is built for each student. It lists particulars about all the learning objectives 
available in the system. Answers to the following questions are sought (for each topic in the curriculum): 
Which options from the various support screens (presentation elements) were utilized by a student? In which 
order were those choices made? Has the student been tested? If he has been tested, has he tested as a master or 
a nonmaster? This information is then processed and a recommendation is made regarding the next support 
option that should be exercised for each topic. The option with the highest priority is chosen. A possible 
recommendation may be that the student should further explore LP Topic p by means of the point-and-query 
interface. Because the learner has full control over the system and can exercise whichever choice he wants, this 
will be merely a strong recommendation. The matrix, its interpretation and the recommendation is presented to 
the student. 
7. An Example Session 
The point-and-query interface, the CAT procedure, the computerized problem solver, the generic questioning 
module, and the computer mind mapping facility were developed (in Turbo Pascal) and used together with 
explanations, flowcharts, step charts, monitoring systems, interactive advisors and coaching modules to 
implement the EPSS (specifically the response of the system to questions and requests from the user (table 6.1)). 
The EPSS provides the user with both a problem solving and a learning environment: He can either use the 
available software to build a mathematical model of a linear programming problem,· solve it and perform a 
sensitivity analysis on the solution, or he can explore linear programming in general and learn how to perform 
these techniques himself. 
The EPSS generates a particular efficient learning environment: It makes use of a constructivist approach to 
teaching, it builds a cognitive model of the user, it provides a concrete learning experience, it accommodates 
different learning styles (by supplying different kind of learning opportunities) and is completely learner 
controlled. The sample session that follows will confirm this. 
Sample Session 
See appendix 15 for demonstration programs for an EPSS. When signing on to the system, the user is provided 
with essentially two options: He can either activate the problem solving techniques (formulate, solve and 
perform a sensitivity analysis), or he can learn about it. If he chooses not to activate it, a menu, from which he 
could select a topic to learn about, pops up. The 18 modules from our LP curriculum (appendix 1) are the 
available choices. 
With each of these options another menu of options are associated. It lists the questions and requests learners 
may have when learning about that specific topic. For example, when learning about the simplex method the 
user can ask questions like: Why should I use this method? What is the simplex method? What other methods 
are related to it? How does it work? How do I do it? How exactly does the simplex method work? What 
options and or paths are available from here? and make requests like: Show me an example where it is used, 
Teach me how to use it, Advise me about the simplex method, Let me try using it, Evaluate me using the 
simplex method, and Watch me while I am trying it out. Similar support options are available to the other 
topics. 
By selecting the "What is the simplex method"-option a point-and query interface defining the simplex method 
and some background information on linear programming is activated. The student can now point to a word, 
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Captured Image 4.35: Results of a monitoring session. 
Captured Image 4.36: Analysing the monitoring session- a recommendation to the student. 
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phrase or picture element on this screen. A set of related questions will be displayed. Suppose the student 
points to the word "constraints" . 
An information source and a set of queries are associated with "constraints". 
The information source is represented as a conceptual graph structure. It contains a set of categorized nodes that 
are connected by categorized, directed arcs. The conceptual graph structure contains a taxonomic hierarchy 
consisting of a set of nodes that are connected by ISA, IDA, and P arcs (ISA = Is a kind; IDA = Is defined as; P 
= Has the property). Figure 4.4 shows the conceptual graph that is associated with the source "constraint". 
These graphs are internally represented by data structures. These data structures play an important role in the 
reasoning process of the system. 
A set of queries is also associated with "constraints" . Each of these question categories have a particular arc 
search procedure that pursues specific paths of arcs and nodes in the information source "Constraints". For 
example, if the option "How is constraints defmed?" is chosen, a specific arc search procedure is activated and a 
reply is produced by the system (defining the term and supplying some characteristics thereof). The user is then 
again able to point to a screen element, to select a related question and to read the answer. This process can 
continue until a dead end is reached (no more questions are associated with a screen element). The system then 
returns control to a higher level. 
We have extended this approach (based on Graesser's cognitive model for question answering (Greasser & 
Langston, 1992) to also include an option for a full description and an option for an illustration for a chosen 
screen element. By selecting the option "Give a description of constraints" the system respond with a 
declarative description of "constraints". If the student want to see an example of a constraint and how it is 
represented in a mathematical model, he must select the option "An illustration of constraints". 
Assessment matrices are kept to monitor a student's progress through the learning material. When the student 
selects to be evaluated on LP, the assessment matrix is displayed. It indicates on which topics the user has been 
tested and whether he is a master or a nonmaster on it. It is updated with the completion of an evaluation 
session. 
Computerized adaptive testing is used to evaluate a student's ability and performance on a specific topic. 
Suppose our student selected to be evaluated on the simplex method. The EPSS responds by randomly selecting 
questions from a question bank. Many of them are generated automatically by making use of the generic 
questioning module described in section 6.4 (and the previous chapter). After a number of questions has been 
posted to a student, the system is able to decide whether the student is a master or a nonmaster. Suppose that it 
was decided that the student was not yet a master. As a result he is recommended to keep on practising and to 
return later for another attempt. The assessment matrix mentioned above should also be updated. 
Computer mind mapping and its "zoom-in-on-detail" facility are used by the EPSS to provide an overview of 
the LP curriculum, to zoom in on specific modules and to provide a response to the general question "What is 
X?" (X being any one of the 18 modules) . A mind map summarizing the LP curriculum is presented. The 
"zoom-in-on-detail" facility provides options to zoom in on specific elements in the map and see a computer 
mind map thereof on a lower level, to see a fuller explanation of elements in the map, and to illustrate certain 
elements by means of examples. 
Suppose we are zooming in on the element "The simplex method" in the computer mind map of the LP 
curriculum. An outline of the simplex method is provided. Selecting "Illustration" at element "simplex 
method" results in an example illustrating how the simplex method was used to solve a LP problem, and picking 
"Description" at any element results a verbal explanation. 
Selecting the option "Show me an example where the simplex method is used" produces screen output of the 
simplex method where it is used to solve an LP problem. 
Another important characteristic of the EPSS is its ability to provide demonstrations by means of examples. 
The EPSS will react on the question "How do I use the simplex method?" by describing the method and the 
corresponding algorithm and by applying it to an example from the problem data base (an example is generated 
by the generic questioning module). By working through it the user will get a fairly good idea about what the 
method is all about. 
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Flowcharts, step charts, step-by-step coaching, monitoring systems, and explanations also play an important role 
in the EPSS. 
A flow- and I or step chart can be used, for example, to explain the different steps in the simplex algorithm. It is 
displayed as an introduction to the system's response to the request "How to use the simplex method: Advise 
me ... ". 
Step-by-step coaching is conducted in response to the request "Teach me ... "; for example in response to the 
request "Teach me how to use the simplex method". 
A monitoring matrix are used in the system's response to questions like What next? and Where am I?" . A 
monitoring matrix is presented. It forms part of the cognitive model that is built for each student. It lists 
particulars about all the learning objectives available in the system. Answers to the following questions are 
sought (for each topic): Which options from the various support screens were utilized by a student? In which 
order were those choices made? Has the student been tested? If he has been tested, has he tested as a master or 
a nonmaster? These information are then processed and a recommendation is made regarding the next support 
option that should be exercised for each topic. The topic with the highest priority is chosen (possibly a domain-
based choice). A possible recommendation may be that the student should further explore Linear Programming 
Topic p by means of the "Evaluate me ... " option. Because the learner has full control over the system and can 
exercise whichever choice he wants, this will be merely a strong recommendation. 
Finally, reasons for making use of the simplex method are supplied in response to the question "Why should I 
use the simplex method?". 
A demonstration program that illustrates the above-described procedures, and other relevant ones not described, 
are described in appendix 15 . It represents an implementation of a simple EPSS. 
EPSS has an important role to play within my framework. It is summarized in the next few paragraphs. 
8. A Modification of the EPSS Interface 
The standard EPSS interface was depicted in captured images 4.15 and 4.16. Although it is a very useful way to 
present the course material to the student, it is a rather limiting design. Each new application will need its own 
tailor-made EPSS interface. It is also difficult to make one-on-one associations between the various 
components of a student's learning style and specific questions and requests in the EPSS. It is much easier to 
associate specific presentation elements with specific components of a learning style. Remember that more than 
one presentation element is typically associated with the response of the EPSS to a specific question or request. 
Captured image 4.37 displays a modification to the standard EPSS interface (it was inspired by the EPSS 
concept): 
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Captured Image 4.37: A Modification of the EPSS Interface. 
This interface is much more flexible, it is compatible with all my framework's models of teaching I tutoring and 
learning, it is easily transferable to new domains and systems and it is very easy to develop. One-on-one 
associations with learning style elements are also possible. This interface "unbundled" the presentation 
elements contained in the questions, requests and replies of the standard EPSS and used them, instead of the 
questions and requests, as the interface between the system and the student. 
9. Goals of the Study Supported 
The creation of the EPSS interface in this chapter clearly supports the goal: "To construct a general framework 
for the development of intelligent, computer-based educational software for topics from Operations 
Research . . . ". The interface (see captured image 4.37), that basically consists of a user-friendly listing of 
presentation elements, is general enough to be also useable in other systems and domains. 
The fact that the interface was specifically designed to accommodate the preferences of both visualizers and 
verbalizers provides evidence that the goal "To incorporate learning style and teaching and learning models into 
teaching systems" is also addressed. 
The list of demonstration programs that accompanies this chapter and which is listed in appendix I 5 supports 
the goals "To develop computerized modules that demonstrate the most important techniques discussed and 
developed in this document" and "To develop a series of independent modules that could be used to improve the 
quality of traditional classroom instruction and that could be integrated within newly created computerized 
tutoring environments" . 
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Chapter 5 
CAMP FILE 2005: A 




Computerized Artificial Mentor 
Intelligent Learning Environments 
1. An Introduction to CAMP FILE 2005 
1.1. Lead Up to the Development 
The reader will recall from chapter 1 that the following are all major goals of this study: 
a) To incorporate learning style and teaching and learning models into teaching systems; 
b) To integrate within the curriculum of the tutor elements on how-to-think, how-to-learn, and how-to-teach 
(three essential skills of the 21 st century); 
c) To develop a so-called artificial mentor and -psychologist that could be integrated within the tutoring 
environment and could be used to provide psychological help and to integrate essential skills for the 21 st 
century within the learning environment; 
d) To develop computerized modules that demonstrate the most important techniques discussed and developed 
in this document; and 
e) To develop a series of independent modules that could be used to improve the quality of traditional 
classroom instruction and that could be integrated within newly created computerized tutoring 
environments. 
CAMP FILE 2005 is an attempt to provide a general framework within which these goals are addressed. CAMP 
FILE 2005 consequently implements a curriculum for the 21 st century that covers learning how-to-learn, 
learning how-to-teach, learning how-to-think, learning how-to-be-creative, emotional education, personal 
growth, and citizenship- and life skills within an electronic, interactive educational system. 
1.2. What is the Contents of CAMP FILE 2005 - A Summary 
A computerized artificial mentor and -psychologist was created to satisfy the above five goals and electronically 
make a skills-based curriculum for the 21 st century available - available for integration within computer-based 
educational software and within the traditional classroom. CAMP FILE 2005, as the system is called, consists 
of interactive multimedia computer based tutorials and electronic books with hypertext, menus, help systems, 
quizzes, tests, graphics, voice, pop-up windows and executable demonstration programs. Its curriculum covers 
the very important topics of learning how-to-learn, learning how-to-teach, learning how-to-think, learning how-
to-be-creative, emotional education, personal growth, and citizenship- and life skills . A number of electronic 
products have been developed to implement this curriculum: Five teaching and learning assistants, a 
motivational-based planning assistant for teachers; a decision support system that assists educators in exploiting 
new media in the design of learning environments; a brain gym; an emotional intelligence assistant; a guidance 
and advice module for advice on inter alia time management, motivation, goal setting, and study habits ; a 
personality based decision support system that enhances and individualizes problem-solving, decision-making, 
teaching and learning, conflict resolution and social skills; a memory manager; a household accountant; a time 
management system and a general decision-making aid. These products can be integrated within other 
computer-based educational material or could be used independently in a traditional classroom setting. This 
new curriculum will be integrated within my conceptual framework (see apart from this chapter, also chapters 7 
to 11 ), and has already being integrated in the presentation of a course on functions via television transmissions 
and with the aid of multimedia-based tutorials (Du Plessis & Smit, 1999), and in an electronic course on 
everyday maths and science know-how which are distributed via the internet (DuPlessis & DuPlessis, 1999). 
1.3. Layout of the Chapter 
Section 2 presents evidence from four leading authorities regarding the need for a new skills-based curriculum 
for the next century. The various components of CAMP FILE 2005 are described in section 3, and it is shown 
how they can be integrated in both computer-based and traditional courses. Actual case studies are then used to 
illustrate its usefulness in real-world applications. 
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Section 4 provides chapter references to applications of CAMP FILE 2005 within my conceptual framework. 
Instructions on where to find and how to run demonstration programs that implement these applications can be 
found in appendix 15 . 
Section 5 briefly discusses this chapter's contribution to knowledge and its value to research in computer based 
tutoring environments. 
2. A Curriculum for the 21 St Century 
Two very inspiring and comprehensive pulling tog ethers of the various strands of learning research propose a 
totally new curriculum for the 21 st century: "The Learning Revolution" (Dryden & Vos, 1994) and 
"Accelerated Learning for the 21 st Century" (Rose & Nicholl, 1997). A combination of ideas from these 
curricula forms the basis for the computer-based artificial mentor and -psychologist and spells out the potential 
role such a module could play. 
2.1. The Learning Revolution 
In "The Learning Revolution, A lifelong learning programme for the world's fmest computer: your amazing 
brain" the authors Gordon Dryden, a New Zealand television producer-presenter, and Jeanette Vos, an American 
doctor of education, combine their unique talents to provide a lifelong learning handbook and a simple guide for 
lifelong learning success. 
Dryden & Vos (1994) say that their research points strongly to the need for an interlinked four part curriculum. 
This curriculum is as important in continuing education as it is in childhood and teenage years. It consists of the 
following four parts: A personal growth curriculum, involving self-confidence, motivation, communication 
skills and relationship skills; a life skills curriculum, including self-management, creative problem-solving, 
career planning and replanning economics, conflict management and computer-based technology; a learning-
to-learn curriculum that includes brain-compatible "how to" skills so that lifelong learning can re-emerge as 
fun-filled, fast and effective; and a content curriculum with integrated themes. 
They continue by motivating why they have put personal growth first. "Nearly everyone has learning blocks, 
but traditional schooling has succeeded in only one major way: in turning most people off, at a time when their 
enthusiasm for learning is vital. Emotion is the gateway to learning - and each person's emotional state is 
affected by communications skills, relationship skills, motivation and self-esteem: the personal growth skills. If 
those aspects are not addressed, the gate will close. As Willard Daggett has put it so strongly, real listening 
and speaking skills are of high importance in all aspects of life and work, yet are downplayed in many 
educational institutions. Self-confidence and self-esteem are vital to all learning, and education that fails to 
address them will fail in its other tasks. " 
They also argue that because we live in a world where everyone needs to be a self-manager, practical life-skills 
training needs to be included in all education, from preschool to advanced business study. The skills required 
include creative problem-solving, critical thinking, leadership skills, global perspective, the confidence to play a 
full role in determining the future of society, and the ability to plan one's life in an era of incredible change (life 
skills curriculum). 
Learning-how-to-learn and to do it in style is one of the main themes of "The Learning Revolution" and of 
"Accelerated Learning for the 21 st Century" and is the bridge to all content learning. Both studies say that if 
you can learn how to learn you can apply these principles to anything anywhere. It is, however, a skill seldomly 
included in any curriculum. 
2.2. Accelerated Learning for the 21 St Century 
In their ground-breaking book "Accelerated Learning for the 21 st Century- The Six-Step Plan to Unlock Your 
MASTER-mind" Rose & Nicholl (1997) state that the educational institutions of the 21 st century should have 
the following five key outcomes: Knowledge, skill, wisdom, character and emotional maturity. By combining 
this philosophy with those of a group of business, educational and social leaders from the UK (convened by the 
Oxford and Cambridge Examination Board) and those of Daniel Coleman from his book "Emotional 
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Intelligence" (Coleman, 1996), they came up with the a proposal for a curriculum for the 21 st Century (very 
similar to the one of Dryden and Vos described above) that consists of learn how-to-learn skills; learn how-to 
think skills; emotional education; citizenship skills; one year community service; and subject-specific 
material. 
In their vision for a society of lifelong learners Rose & Nicholl ( 1997) stress the importance of having a 
commitment to learning-how-to-learn and becoming a creative-analyst. They say that each and every 
educational programme should make a commitment to ensure that everyone has access to a course on learning 
how-to-learn and becoming a creative analyst. They continue by saying: 
"Make learning-how-to-learn the first course children are taught as they enter secondary school, and embed 
the principles in every lesson. Embed analytical and critical thinking in the curriculum and make it all part of 
teacher training. Make the idea of becoming a self-managed, clear-thinking learner explicit and a prime aim of 
school. Encourage every organization to offer such courses to every employee. They are surely the foundation 
skills for any faster-learning organization." 
Their definition of emotional education includes that students should know how to: Recognize, label and 
express their own feelings and be aware of the intensity of those feelings; manage emotions and feelings, control 
impulsive behavior and know how to delay gratification when it is appropriate; manage and reduce stress; set 
realistic, yet challenging goals for themselves; assert their own point of view without aggression and be willing 
to explore other points of view objectively; recognize and understand other people's emotions and feelings and 
that differences are normal; distinguish between feelings and logical thinking and apply that skill to subjects like 
sex and drugs; be a responsible parent; manage fears and anxieties; adhere to ethics, values; be able to listen 
skillfully for feelings as well as facts in other people's conversations; and be able to forestall conflicts by 
looking for the optimum possible mutually beneficial outcome. 
Their suggested minimum citizenship skills curriculum includes how to read a balance sheet and profit-and-loss 
statement; how to set-up a business; the economics of health care and personal preventative health care 
maintenance; what is truth?; environmental issues; basic elements of the law and justice systems; how to 
interpret statistics, graphs, trends and assess probabilities; time management; money management; creating and 
controlling personal budgets and wealth; principles of total quality management that can be applied to all 
aspects of one's life; and writing a curriculum vitae and developing successful interview skills. 
Rose & Nicholl (1997) also suggests that students should give one year of community service to experience 
working in the real world. This will teach them that they are responsible for staying highly employable, and that 
the essence of employability in the 21 st century is learning fast, making rational decisions, thinking creatively, 
and adding value. Skills such as problem-solving and decision-making are naturally very important in this 
regard and should also be taught. 
2.3.The Yale Practical-Intelligence-For-Schools Curriculum 
Sternberg ( 1985) and Wagner and Sternberg ( 1986) used the concept of tacit knowledge to describe knowledge 
that is not explicitly taught or even verbalized, but is necessary for an individual to thrive in an environment. 
The concept is applicable in a variety of settings. Wagner and Sternberg (1985,1986) reported that tacit 
knowledge is an excellent predictor of performance in management. Sternberg, Okagaki and Jackson (1990) say 
that their research indicates that it is also crucial for successful performance in school. Sternberg and Wagner 
(1989) found that it is as good a predictor of college success as are academic types of tests. The Yale 
Practical-Intelligence-for-Schools (PIFS) curriculum was consequently developed to learn students the vital 
knowledge they need to succeed in school. While reading through this curriculum the reader should try to 
notice the similarities between this curriculum and those proposed by Dyden and Vos(1994) and by Rose and 
Nicholl (1997). 
The Yale PIFS curriculum is based upon three kinds of tacit knowledge that Wagner and Sternberg ( 1989) have 
found to be critical to adaptation in any environment, namely managing oneself, managing tasks and working 
with or managing others. 
The curriculum (Sternberg, Okagaki & Jackson, 1990) opens with instruction on how students can manage 
themselves. The first units provide an overview of students' multiple intelligences. Styles of thinking and how 
students can best exploit their own individual styles are discussed. The unit on self-management also deals with 
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crucial aspects of adaptation to school, such as taking in new information, showing what you have learned, 
using what you know, and implementing what you have learned. 
The second part of the course - managing tasks - deals with topics such as getting organized, setting up 
strategies for problem solving, breaking bad habits, seeking help with problems, and thinking about time 
management. This part of the course also deals with understanding questions, following directions, and taking 
tests. 
The third part of the course - cooperating with others - presents such topics as how to handle yourself in class 
discussions, knowing what to say when, putting yourself in another's place, and solving communication 
problems. It also involves learning how to take a long-term perspective in dealing with other people. 
This curriculum therefore also supports the newly proposed curriculum and is very similar to the ones proposed 
in sections 2.1 and 2.2. 
2.4.Support for the New Curriculum from an International Network of People 
Support for this new curriculum for the 21 st century is also promoted on the website of New Horizons for 
Learning. New Horizons for Learning is an international network of people, programs, and products dedicated 
to successful, innovative learning. As such, this organization acts as a catalyst for positive change in education; 
seeks out, synthesizes, and communicates relevant research and information; supports an expanded vision of 
learning that identifies and fosters the fullest development of human capabilities; works to implement proven 
strategies for learning at every age and ability level; builds support for comprehensive life-span learning 
communities; and sponsors The Building, an online community of practice located n the Internet. Their web 
address is http: //www.newhorizons.org. 
3. CAMP FILE 2005: A Computerized Artificial Mentor and -Psychologist 
For the Intelligent Learning Environments of Tomorrow 
A computerized "artificial mentor and -psychologist" was developed to provide a framework within which the 
above described new curriculum for the 21 st century could be implemented and integrated. The framework 
was named CAMP FILE 2005 and is intended to be implemented within both computer-based and traditional 
courses. It proposes a curriculum that covers learning how-to-learn and learning how-to-teach; learning 
how-to-think and learning how-to-be-creative; emotional education; personal growth, citizenship- and life 
skills; a content curriculum with integrated themes, and community development. 
Authoring programs from the Easy CBT Suite from Interactive Educational Software 
(http://www.easyteach.com) were used to develop hypermedia presentations for each of the themes within our 
framework. It enabled us to create interactive multimedia computer based tutorials and electronic books with 
hypertext, menus, help systems, quizzes, tests, graphics, voice, pop-up windows and executable demonstration 
programs. The latter was developed with the Pascal programming language. 
A brief outline of the available presentations within each theme of our framework is provided below. 
Applications thereof within the classroom as well as within my intelligent learning style- and computer-based 
educational software program for the teaching of linear programming are also discussed. CAMP FILE 2005 
was originally developed to provide individualized psychological help within the first version of this intelligent 
tutoring environment, but has undergone some major modifications since then (DuPlessis, 1997). 
3.1. Learn How-to-Learn and Learn How-to-Teach 
CAMP FILE 2005 administers the following computerized learning style inventories (LSI's): Dunn et al's LSI 
(Brooks, 1990), Kolb's LSI (Kolb, Rubin & Mcintyre, 1984), a MBTI test (Benfari & Knox, 1991), LaHaye's 
temperament test (La Haye, 1984), the visualizer verbalizer questionnaire (Kirby & Moore, 1988), a study 
preference guide that distinguishes between sequential and global preferences (Ford, 1985), Neethling's Brain 
Profile Test (Neethling & Rutherford, 1996), Soloman and Felder's Index of Learning Styles (with five 
dimensions of learning modeled) (Felder, 1996), and a multiple intelligence quiz (Rose & Nicholl, 1997). The 
student's input to these inventories is used to classify him and then provides him with information about his 
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classification. In the process the student not only learns about his favorite learning style and its associated 
elements, but also learns about problem solving, personalities, temperaments, left and right brain preferences 
and Gardner's theory of multiple intelligences. This part of CAMP FILE 2005, like most of the other, can be 
used independently and is a valuable aid in any learning environment (computer-based, traditional classroom, 
home schooling, etc.). 
Five hypermedia teaching and learning assistants that implement five different models of teaching and 
learning (based on Kolb's problem solving styles, MBTI type personalities, Felder and Silverman's model for 
engineering education, left- and right brain preferences and Gardner's theory of multiple intelligences, 
respectively) were developed. These teaching and learning assistants provide advice to tutors (humans or 
computers) on how to adapt the presentation of the course material so that it is most conductive to each student 
learning the course material. Teachers can use it to ensure that they include a wide variety of learning elements 
in their presentations in order to accommodate as many students as possible (help them "teach around the 
cycle"), human teaching assistants can use it to individualize their one-on-one tutoring sessions, and intelligent 
tutoring systems can use it to individualize their tutoring and tailor its presentation of the course material to each 
student. I have developed an intelligent, learning style- and computer-based tutoring system for the teaching of 
linear programming that illustrates how these assistants can be used within intelligent computer-based learning 
environments. See chapters 7 and 8. It is also used in a training course for mathematics and science teachers to 
simultaneously teach them about mathematical concepts and on how-to-learn (Du Plessis, De Kock & Smit, 
1999; DuPlessis & Smit, 1999). This course serves as an excellent example on how the teaching of how-to-
learn can be integrated and applied within a traditional course. Apart from teaching teachers how to teach 
"around the cycle" and how to individualize instruction these teaching and learning assistants can also be used to 
teach how-to-learn and how-to-teach skills to anybody having access to it. These assistants, like the rest of 
CAMP FILE 2005, will be made available as downloads from the internet. A nominal fee will be charged to 
cover development costs, administration fees, etc. 
A domain- and motivational-based planning assistant was also developed to assist teachers in improving the 
quality of their teaching and to assist computer-based tutors to better model the preferences of their students. 
(Del Soldato & Du Boulay, 1995) implemented several motivational tactics into the instructional planner of a 
computer-based tutoring system. These tactics are explicitly represented in the tutor's planning mechanism and 
combine decisions aiming at enhancing the student's motivation with decisions aiming to traverse the subject 
domain. Decisions such as increasing the student's confidence and providing help whep the student is lost, are 
therefore combined. The tutor also includes procedures to detect the student's motivational state by representing 
and updating a model for the student's confidence, effort and independence. 
The author modified the domain- and motivational based planner of Del Soldato and Du Boulay and extracted 
the if-then rules that control these tutoring processes. They are summarized in the motivational assistant 
section of CAMP FILE 2005 and are meant to be applied by a human teacher in one-on-one teaching situations. 
This tool therefore attempts to improve the quality of teaching and learning by enabling the teacher to explicitly 
model his or her student's motivational levels and by adapting its teaching actions to these needs and 
preferences. These if-then rules are also integrated within our intelligent and learning style- and computer-
based tutoring environment for linear programming (De Kock & Du Plessis, 1997). Also see chapter 11. 
A decision support tool that assists educators in exploiting new media in the design of learning 
environments is also part of CAMP FILE 2005 . With the broad array of communication tools that is available 
today (face-to-face communication, text and pictures, video, computer programs and networks) it has become a 
difficult task to decide how to choose the right medium for a given message. It is quite understandable to hear 
educators ask: What determines whether I should communicate one thing via email, another by multimedia 
presentation, another on paper, and another orally in person? How do I make the most of the media available to 
me? People need to know how to choose the right medium for a given message. Collins ( 1998) developed a 
design theory of media for education within which he analyses the different affordances and constraints of a 
whole range of media types and makes a number of recommendations about what different media do best. His 
study and recommendations were used as the basis of a decision support tool that assists educators in deciding 
which media type to use in a specific teaching situation. A fuzzy, multi-criteria decision making framework 
was consequently constructed to facilitate this process. The teacher simply interacts with the system and 
specifies the characteristics of the learning situation he is looking to construct. These characteristics have to do 
with transmission, recording, production and social factors (20 in total). The system then weighs the 
satisfaction levels of the various alternatives against these specifications by means of a mathematical algorithm 
that implements a fuzzy decision making procedure and then makes a recommendation to the teacher. 
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3.2. Learn How-to-Think and How-to-be-Creative 
After a thorough study of thinking, thinking styles and creativity was undertaken, an electronic book was 
developed to create a framework within which thinking skills, thinking styles and creativity could be taught. It 
was named "The De Bono Brain Gym" in honour of Edward de Bono. De Bono made an invaluable 
contribution to the direct teaching of thinking worldwide and is widely recognized as one of the "gurus" of the 
direct teaching of thinking (De Bono, 1993) (De Bono, 1994). 
A Computer Assisted Thinking Style Based Assistant for Thinking, Teaching and Learning Exploration (CATS 
BATTLE) was developed and integrated within the De Bono Brain Gym. Its goal is to make information on 
thinking styles and access to thinking style based approaches towards individualized tutoring and towards the 
individualized teaching of thinking available within a user-friendly, multimedia environment. 
Within this "thinking gym" users are also introduced to some of De Bono's programmes that teach people how 
to think and are challenged to apply what they have learned to topics from the curriculum. In the process they 
simultaneously learn how to think about the course material and about thinking itself. In our learning style-
based tutor of linear programming topics the De Bono Gym is used within an environment for the gifted. 
Students are challenged to apply thinking tools from De Bono's CoRT thinking programme to topics from linear 
programming. 
The gym also contains a number of thinking and teaching games (De Bono, 1996) (De Bono, 1998). These 
are executable programs that creates a fun environment for the learning of new thinking skills. Eleven aspects 
of thinking are covered. 
The presentation of these thinking skills and games are individualized to fit a student's preferred learning or 
thinking style. Either the teaching and learning assistants or the thinking style assistant are used to determine a 
student's preferred learning style or thinking style. This style is then mapped onto specific aspects of thinking. 
The thinking skills associated with these aspects are considered to be the student's favourite skills. The gym 
therefore allows a learner to discover and explore both his strong and weak points as a thinker. See chapter 9. 
The gym also provides frameworks for the learning of creativity and analytically thinking. Both these talents 
are learnable and essential if you want to become a creative-analyst, an essential characteristic of a successful 21 
st century citizen (Rose & Nicholl, 1997). Ample opportunities for practice and application are again allowed. 
3.3. Emotional Education 
An interactive electronic emotional intelligence assistant (EQ Assistant) that provides CAMP FILE 2005 
users the opportunity to explore the very important topic of EQ and to utilize it as a tool to improve their own 
emotional literacy was created. It is an electronic book with lots of hypermedia links. It contains an 
exploratory environment, a section with hints for everybody, interactive tools to improve the user's EQ and 
exercises to help the user experience a fuller range of emotions. 
An EQ Assistant user can explore the background of EQ, the characteristics of high and low EQ, the 10 habits 
of high EQ people, how EQ can be used to improve the quality of schools and the working environment, how 
EQ can help parents and teenagers, what role EQ can play in relationships, where to find links and references to 
EQ (including some EQ tests) and a list of over 1000 feeling words. The EQ Assistant provides hints on 
emotional management, on stress management, on the management of fears and anxieties, on listening skills and 
on clear communication. Interactive tools for goal setting, the identification of personal values and beliefs, EQ 
based education and on how to become EQ literate are available, and exercises to assist the user in managing his 
emotions and in experiencing a wider range of feelings are included. 
The EQ Assistant is the newest addition to CAMP FILE 2005 . A demonstration version will soon be up and 
running, but it envisioned that it will still undergo a series of modifications before it will become freely 
available. 
3.4. Personal Growth Skills 
CAMP FILE 2005 is used within the learning style- and computer-based tutor for linear programming to supply 
individualized advice to students on time management, motivation, goal setting, study habits, procrastination 
Stellenbosch University  https://scholar.sun.ac.za
99 
and emotional matters. A student's psychological profile determines which information will be presented to 
him. This profile is computed by fuzzy expert and decision making systems in the models of tutoring and 
learning described in chapter 8. The various pieces of advice are contained in computer mind maps within a so-
called "Guidance and Advice" module. These mind maps were only populated after a large set of popular 
psychological books were consulted. They contain zoom-in facilities, descriptions and references to all the 
content-providing resources consulted. Students are also free to explore the whole module on their own. It is 
available to student users of our tutoring environment, and because it is an independent module, anybody having 
access to it can benefit. A combined application of this guidance and advice module and the EQ Assistant is 
highly recommended. The contents of the guidance and advice module are summarized in appendix 7 (by 
means of a number of mind maps). 
3.5. Citizenship and Life Skills 
A personality based decision support system that enhances and individualizes problem-solving, decision-
making, teaching and learning, conflict resolution and the social skills of its users forms an integral part of 
CAMP FILE 2005's attempt to provide an education in basic life skills. Kiosk information on problem-solving, 
decision-making, teaching and learning, conflict resolution and social behavior introduces the user to these 
essential life skills. An informal personality test is used to classify a student as one of 16 personality types. 
This classification then serves as an indicator to allow the user to build on his strengths and improve on his 
weaknesses as a problem-solver, teacher, learner, party in a conflict and socializer. Potential application areas 
for this tool include homes, schools and the working environment. In fact, the mastering and usage of these 
skills should form part of everybody's abilities. 
An electronic memory explorer was created to encourage CAMP FILE 2005 users to improve their memories. 
A user can explore background information about his memory, learn 14 ways how to improve his memory 
(Rose, 1999), and learn about the peg system of memory (Lorrayne, 1986). Hints on how to better remember 
facts and figures, speeches and lectures, study material, and so on are also included. A special training section 
allows the user to practise his newly acquired skills. 
The "Everyday Household Accountant for All" teaches the user about home loan calculations, household 
budgets, how to save and asset inventories, and provides calculators enabling the user to actually perform these 
calculations and apply it to his personal situation. 
The computerized time management system in CAMP FILE 2005 assists its user in determining his major 
goals and subgoals; setting up monthly and weekly plans; taking a time management questionnaire that 
identifies his strengths and weaknesses and proposes improvements that could be made; administering a log of 
activities; differentiating between important and urgent activities; assessing time utilization; compiling daily "to-
do" lists ; analyzing urgent activities; delegating tasks to others and budgeting his time on a daily, monthly and 
annual basis. 
Most of the time one's everyday decisions are taken intuitively and automatically, but sometimes they need 
some careful consideration. All these decisions are, consciously or subconsciously, based on a selection 
procedure that require one to select among a set of alternatives while simultaneously satisfying a set of objective 
criteria or goals and not violating a set of constraints. O'Hagan & O'Hagan (1993) developed a decision-method 
that formalizes this decision-making procedure and is the mathematical algorithm the general decision support 
tool in CAMP FILE 2005 is based upon. 
A computer model was built to implement this algorithm. The resulting system allows the user to either view 
existing applications or to create one of his own. If he chooses to create one of his own, he must use the 
corresponding options on a menu to identify the goals, constraints and alternatives of his decision process, to 
supply the importance levels of his goals and constraints, to supply the satisfaction levels of his alternatives and 
to execute his fuzzy decision making process. He, as well as a user of an existing application, can display the 
goals, constraints and alternatives of the decision problem, he can view the importance and satisfaction levels, 
and he can display the results of the decision process. 
The user also has the opportunity to utilize a "what-if" facility and to see what will happen to the solution if 
some of the importance and I or satisfaction levels are changed. The decision problem can also be rearranged -
it will allow the user to investigate the influence of the following changes on the optimal decision: Selecting a 
combination of goals and constraints; selecting a combination of alternatives; adding a new goal; adding a new 
constraint; adding a new alternative and again changing some of the importance and I or satisfaction levels. 
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Future topics in CAMP FILE 2005 will include power reading (a modification of speed reading), the usage of 
imagery, co-operative learning, clear communication, power writing and the M* A *S*T*E*R method of 
teaching and learning (accelerated learning and -teaching). 
3.6. A Content Curriculum with Integrated Themes 
An example of an application where themes from CAMP FILE 2005 is integrated within the curriculum is the 
interactive electronic book I tutorial I course I calculator "Everyday Maths and Science KnowHow for All -
Discover the Magic of Maths and Science in Your Everyday Life" (DuPlessis & DuPlessis, 1999). In an 
innovative way it teaches the user about everyday maths and science applications and how to be creative, how to 
think, how to learn and how to teach. It also provides a easy-to-use tool (calculator) that allows anybody to 
perform computations he or she may find useful in his I her everyday life. 
The first issue of this course, for example, has the title "The Food and Activity Calorie Calculator" and contains 
the following 19 chapters: Introduction to Calories, Calorie Values of Food, Food Calorie Calculator, Calorie 
Needs Calculator, Calories Burned During .. . , Activity Calorie Calculator, Energy Conversions, Weight 
Conversions, Length I Distance Conversions, A Recipe Calculator, Interesting Comparisons, Possible 
Applications, Creativity Exercise, Thinking Skills Exercise, How to Learn & Teach Exercise, Make Your Own 
Notes, A Simple Numeric Calculator, Feedback & New Inventions, and References. Apart from learning a 
whole lot about calories the user will therefore also have the opportunity to explore 7 creativity techniques, 13 
characteristics of creative, intelligent successful people, more than 20 thinking tools and 8 different 
intelligences. 
People distributing and marketing this course and training its recipients how to use it in their everyday lifes, will 
in fact performing the kind of community service Rose & Nicholl (1997) are pleading for. While earning some 
extra pocket money these people will make a valuable contribution to community development in their areas. 
The planned free distribution of this course to disadvantaged communities may also lead to the upliftment of 
these communities. 
Other examples of content curricula with integrated themes include the learning style- and computer-based 
tutor for linear programming ) that is described in this document (see the next section), and the training of 
mathematics and science teachers via television transmissions and multimedia computer-based tutorials 
((DuPlessis, De Kock & Smit, 1999) and (DuPlessis & Smit, 1999)). Interactive multimedia presentations 
based on the M*A*S*T*E*R method of teaching and learning (Rose & Nicholl, 1997) were created to present 
the course material to the teachers and to accommodate their different learning, teaching, thinking and 
psychological profiles. Computer-based tutorials which will be used by the teachers (and eventually also by 
their learners) to learn about models of teaching and learning and, very importantly, to individualize their 
learning experiences, were also developed, The frrst of these multimedia programs is used by the TV presenter 
to present the course material via TV transmissions to the teachers, and the second is used by the teachers after 
they have watched the TV transmission. 
4. Applications of CAMP FILE 2005 within My Conceptual Framework 
The following list contains all the components of CAMP FILE 2005 that are integrated within my conceptual 
framework. References to chapters where these components are discussed, are also included in this list: 
• Computerized learning style inventories (chapter 6, 7 and 8); 
• Hypermedia teaching and learning assistants (chapters 7 and 8); 
• A domain- and motivational-based planning assistant (chapter 11 ); 
• A Computer Assisted Thinking Style Based Assistant for Thinking, Teaching and Learning Exploration 
(CATS BATTLE) (chapter 9); 
• The De Bono Brain Gym (chapter 9) ; and 
• The Guidance and Advice module (chapters 7, 8 and 9). 
The latter is used as presentation elements for the artificial psychologist. Demonstration programs were 
developed for all these components. Instructions on where to find copies thereof and how to run them, can be 
found in appendix 15. 
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The following components of CAMP FILE 2005 were also implemented, but do not directly play a role in the 
teaching I tutoring of the LP curriculum: 
• A decision support tool that assists educators in exploiting new media in the design of learning 
environments; 
• An interactive electronic emotional intelligence assistant (EQ Assistant); 
• A personality based decision support system that enhances and individualizes problem-solving, decision-
making, teaching and learning, conflict resolution and the social skills of its users; 
• A memory explorer; 
• An "Everyday Household Accountant for All"; 
• A computerized time management system; and 
• A general decision support tool. 
Demonstration programs of these components are not included with this document (Only components that are 
directly involved in the teaching I tutoring of LP are included). Readers interested in obtaining copies of these 
components can contact the author for more information. 
5. Contribution to Knowledge and Research in Computer Based Tutoring 
The formulation of a 21 st century curriculum, the consequent development of a number of independent 
computer modules to implement this curriculum and the incorporation of all these independent modules within 
CAMP FILE 2005 is unique. CAMP FILE 2005 is the first independent computer model the author is aware of 
that electronically make such a comprehensive skills-based curriculum for the 21 st century available - available 
for integration within both computer-based educational software and within the traditional classroom. 
The integration of CAMP FILE 2005 within my conceptual framework is also unique in the sense that it creates 
the first intelligent tutoring environment that attempts to simultaneously teach the student about linear 
programming and about a wide variety of essential skills for the 21 st century. The individual contributions of 
the various components of CAMP FILE 2005 that are integrated within my conceptual framework, are discussed 
in great detail in chapters 6, 7, 8, 9, and 11, and are not repeated here. 
CAMP FILE 2005's success is best described by the goals it addresses, namely 
• It is capable of incorporating learning style and teaching and learning models into teaching systems; 
• It is capable of integrating within the curriculum of the tutor elements on how-to-think, how-to-learn, and 
how-to-teach (three essential skills of the 21st century); 
• Through its so-called artificial mentor and -psychologist it is capable of providing psychological help;. 
• Through its computerized modules it is capable of demonstrating the most important techniques discussed 
and developed in this document; and 
• Through a series of independent modules it is capable of improving the quality of traditional classroom 
instruction and of tutoring within newly created computerized tutoring environments. 
Chapters 6, 7, 8, 9, and 11 will elaborate further on these successes. 
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Chapter 6 
Incorporating Learning Styles and Models of Teaching and 
Learning into Teaching Systems 
1. Introduction: The Importance of Learning Styles and an Outline of the 
Chapter 
1.1. Why it is Important to Cater for Learning Styles in Teaching Systems - What the 
Experts Say 
More has been discovered about the human brain in the last 15-20 years than in all previous history (Rose, 
1999). This fact allows researchers to conclude that each person's brain is as individual as their fingerprints . 
This uniqueness also means that each person has a personal learning style, that is, a way of learning that suits 
him best. 
Professors Ken and Rita Dunn, two of the world's leading authorities on learning styles, point out the following 
(Dryden & Vos, 1994): 
"Every human being has a learning style and every human being has strengths. 
It's as individual as a signature. 
No learning style is better - or worse - than any other style. 
All groups - cultural, academic, male female - include all types of learning styles. 
Within each culture, socio-economic strata or classroom, there are as many differenc.es as there are between 
groups." 
Rose (1999) continues to say the following about learning styles: 
"When you learn the techniques that best match your preferred learning style, you will be learning in the way 
that is most natural to you. Because it's natural (brain friendly) - it's easier. Because it's easier, it's quicker. 
That's why it's called Accelerated Learning. " 
To cater to all intelligence traits and learning styles is in many ways, according to Dryden & Vos (1994), 
probably the most important single innovation that could be made to greatly reduce school dropout rates. They 
say that detailed research done by the Dunns and by Howard Gardner have shown beyond doubt that most 
dropouts do not learn best in systems (schools) that are geared almost exclusively to only to two of the seven-or-
more "intelligence traits". Most of these students are also unfairly handicapped in a school environment which 
discourages kinesthetic learning. 
These results basically summarize what this chapter is about: An introduction to learning styles, the value of 
learning styles in teaching and learning and the consequent incorporation of learning styles in teaching systems, 
both in traditional classrooms and in computer-assisted systems. 
1.2. Layout of the Chapter 
This chapter addresses or touches on the following five major goals of this study : 
1. To incorporate learning style and teaching and learning models into teaching systems; 
2. To integrate within the curriculum of the tutor elements on how-to-think, how-to-learn, and how-to-
teach (three essential skills of the 21 st century); 
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3. To develop computerized modules that demonstrate the most important techniques discussed and 
developed in this document; 
4. To develop a series of independent modules that could be used to improve the quality of traditional 
classroom instruction and that could be integrated within newly created computerized tutoring 
environments; and 
5. To provide novel ways on how to use technology to improve the quality of engineering- and more 
specifically LP education. 
Section 2 provides an overview of learning styles: The learning style concept is defined in section 2.1; examples 
of learning style instruments are described in section 2.2; important research fmdings regarding Kolb and 
Jungian types and their relationships are reported in section 2.3; implications of a learning style based approach 
of teaching for engineering and LP education are highlighted in section 2.4; and shortcomings of current 
engineering education with reference to a number of the learning style instruments introduced in section 2.2 are 
pointed out. These shortcomings could be overcome by implementing a similar type of approach as suggested 
in section 2.4. The following learning style instruments are described: 
• The Learning Style Inventory of Dunn et al; 
• Kolb's LSI; 
• The Myers-Briggs Type Indicator (MBTI); 
• The Visualizer-Verbalizer Questionnaire; 
• The Study Preference Questionnaire; 
• The Herrmann Brain Dominance Instrument (HBDI); 
• The Neethling Brain Profile Instrument; 
• Howard Gardner's Theory of Multiple Intelligences; 
• LaHaye's Temperament Test; and 
• The Index ofLearning Styles of Felder and Soloman. 
Section 3 builds on section 1.1 (What the experts say about the importance of learning styles) and stresses the 
value of a learning style based approach towards teaching and learning. It discusses the advantages thereof and 
spells out what role it could play in combating high attrition rates in science and engineering. The importance 
of "teaching around the cycle" and the implications of a learning style based approach towards teaching and 
learning for the design of a computerized tutoring environment are highlighted. The role of individualized 
instruction, especially within my proposed conceptual framework, is also addressed. 
Section 4 reports on actual applications of the learning style- and teaching and learning models (especially those 
introduced in section 2). Examples ofboth traditional and computer-based systems are provided. This section 
is extremely important within the context of my conceptual framework since it contains important hints I had to 
keep in mind when designing a new learning style based tutoring environment (see the next two chapters). 
Applications of the Myers-Briggs Type Indicator, the Kolb model, the Herrmann Brain Dominance Instrument, 
the Felder-Silverman model and Howard Gardner's theory of multiple intelligences are provided. Special 
sections are also devoted to showing how popular computer programs could be integrated within the curriculum 
in ways that are friendly to students' learning styles and to showing how different types of computer programs 
could be matched to the various intelligences of Gardner's multiple intelligence theory. 
Section 5 discusses very important research on the incorporation of learning styles within computer-based 
teaching systems. It includes specifically research that was not discussed in earlier sections and which does not 
directly fall within the learning style models that was introduced in section 2. Section 5.1. summarizes the 
findings of a few interesting studies on cognitive style constructs and computer-assisted instruction; section 5.2. 
reports on the very important contribution of Gordon Pask; section 5.3 focuses mainly on Valerie Shute's 
research and her macroadaptive approach towards tutoring; section 5.4 looks at Arshad's SOLA system that 
gives advice or guidance in study planning (Students On-Line Advisor (SOLA)), and subsection 5.5 ends off 
this section by briefly exploring more attempts to determine the relationships between learning styles, media 
preferences and adaptive education. 
In the fmal section, section 6, I spell out the role of learning style models within my conceptual framework and 
discuss the relationship between the learning style models outlined in sections 2 to 5 and my conceptual 
framework: How do these models support my approach, how is my approach different, what is new in my 
approach, how does my approach support the main goals and objectives of my study, and how can my approach 
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be used to improve the quality of teaching and learning, both in the traditional classroom and within a tutoring 
environment. It also explains why I have chosen to implement more than one of the models of teaching and 
learning discussed earlier in the chapter. 
2. Learning Styles - An Overview 
2.1. The Learning Style Concept 
Learning Styles are described by Keefe (1987) as characteristic cogmtlve, affective, and physiological 
behaviors that serve as relatively stable indicators of how learners perceive, interact with, and respond to the 
learning environment. The~ have three dimensions, namely cognitive, affective and physiological. 
Cognitive styles are information processing habits representing the learner's typical mode of perceiving, 
thinking, problem solving, and remembering. Each learner has preferred ways of perception, organization, and 
retention that are distinctive and consistent. Affective styles encompass those aspects of personality that have 
to do with attention, emotion, and valuing. They can be described as motivationally-based processes. The third 
dimension, physiological styles, are biologically-based modes of response that are founded on sex-related 
differences, personal nutrition and health, and accustomed reaction to the physical environment. 
Various instruments exist to assess a student's affective, cognitive and physiological styles. Nine of them are 
reported in the next section. 
2.2. Assessing Student Learning Styles - Examples of Instruments 
2.2.1. The Learning Style Inventory of Dunn et al 
The Learning Style Inventory (LSI) developed by Rita Dunn, Kenneth Dunn, and Gary Price (Brooks, 1990), · 
incorporates many useful affective and physiological elements of learning styles but only touches on the 
cognitive (in the area of perceptual modalities) . Their learning style is defmed in terms of four pervasive 
learning conditions and 18 elements. Students complete a 1 04-item self-report questionnaire that identifies 
learning preferences about immediate environmental conditions and emotional, sociological and physical needs. 
The following 18 elements are assessed: Sound, light, temperature, and design(all environmental conditions); 
motivation, persistence, responsibility, and structure(all emotional needs); self-oriented, colleague-oriented, 
authority-oriented, pair-oriented, team-oriented and varied (all sociological needs); and perceptual, intake, time 
and mobility (physical needs). The complete questionnaire with its interpretation can be found in section 1 of 
appendix 6. Dunn et al's LSI is used by CAMP FILE 2005 to make recommendations to the student regarding 
his or her study habits. 
2.2.2. Kolb's LSI 
By combining the characteristics of learning and problem solving and conceiving of them as a single process a 
model is produced that describes the learning I problem solving process. This process is both active and 
passive, concrete and abstract. It actually is made up as a four-stage cycle: (1) concrete experience is followed 
by (2) observation and reflection, which lead to (3) the formation of abstract concepts and generalizations, 
which lead to (4) hypotheses to be tested in future action, which in turn leads to new experiences. 
Kolb's LSI (Kolb & Rubin & Mcintyre, 1984) is a simple self-description test, based on experiential learning 
theory and is designed to measure a person's strengths and weaknesses as a learner in the four stages of the 
learning process (defined above) . Effective learners rely on the four different learning modes: concrete 
experience (CE), reflective observation (RO), abstract conceptualization (AC) and active experimentation (AE). 
They must, therefore, be able to involve themselves fully, openly and without bias in new experiences (CE); 
they must be able to reflect on and observe these experiences from many perspectives (RO); they must be able 
to create concepts and integrate their observations into logically sound theories (AC); and they must be able to 
use these theories to make decisions and solve problems (AE). The LSI measures a person's relative emphasis 
on the four learning modes by asking him to rank a series of four words that describes these different abilities. 
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It is unlikely that a person's learning style will be accurately described by just one of these learning modes. It is 
much more probable that it will be a combination of the four basic learning modes. Again four basic learning 
styles are identified. 
The convergent learning style relies primarily on the dominant learning abilities of abstract conceptualization 
and active experimentation, while the divergent emphasizes concrete experience and reflective observation. In 
assimilation the dominant learning abilities are abstract conceptualization and reflective observation, while its 
opposite, the accommodative learning style emphasizes concrete experience and active experimentation. 
A questionnaire to determine a student's problem solving approach (i.e. Kolb's LSI) is provided in section 2.1 of 
appendix 6. The results thereof are interpreted in terms of stereotypes, strengths, weaknesses, careers, fields of 
study and learning modes in section 2.2 of appendix 6 . 
2.2.3. The Myers-Briggs Type Indicator (MBTI) 
The Myers Briggs Type Indicator (MBTI) (Richter, 1992) is a forced-choice, self-report inventory. It is 
theoretically rather than empirically based and is an adaptation of Jungian theory. It attempts to classify 
individuals on four dimensions, namely extraversion I introversion, sensation I intuition, thinking I feeling. and 
judgement I perception. 
The fundamental attitude, extraversion or introversion, indicates the characteristic focus of attention. The 
characteristics associated with extraversion are sociability, outspokenness, good communication skills, interest 
in, awareness of and reliance on the environment for simulation and guidance and an action-orientation. Those 
associated with introversion are thoughtfulness, contemplative detachment and an interest in and reliance on 
concepts and ideas. 
Sensation and intuition are perceptive functions which are data-gathering processes and involve all perceptive 
activities . Sensation refers to attending to sensory realities (the observable), and, on a cognitive level, to facts 
and details, through the use of the five senses. Intuition is a more global, less obvious process, with focus on 
insight, meanings, relationships and possibilities within data that are perceived, these being worked out beyond 
the reach of the conscious mind. It actually represents perception through the unconscious. 
Thinking and feeling are judgmental functions which are data-evaluation processes, whereby information 
received through either sensation or intuition are processed. These functions represent basic modes of decision 
making. Thinking involves a reliance on reasoning, logic, and coherence in decision-making. Ideas are linked 
together through the use of concepts and by making logical connections. Feeling indicates a reliance on 
personal and social values as basis for decision making with decisions, therefore, being more personal and 
subjective. 
The attitudes perception and judgement describe the style of dealing with the outside world. Individuals with a 
judging preference tend to make quick decisions, while individuals with a preference for perception have a 
tendency to put decisions to hold and to gather more information. 
An example of a MBTI test from (Benfari & Knox, 1991 ), a complete description of the various dimensions and 
the relationships of the various dimensions to learning preferences, and an explanation of the preferences of 
certain type combinations are listed in section 3 of appendix 6. 
2.2.4. The Visualizer-Verbalizer Questionnaire 
Richardson's Visualizer-Verbalizer Questionnaire (Kirby & Moore, 1988) determines whether a student prefers 
to learn verbally in words, by reading or listening, or visually, preferring information as depicted in graphs, 
diagrams and pictures. Section 5 in appendix 6 contains this questionnaire. 
Various other methods can also be used to determine the user's visual, auditory and kinesthetic preferences. 
Four of them, namely Dunn's LSI, Rose's Preferred Senses Test (Rose, 1999), the AVT/K LSI from the 
Wisconsin Centre on Education and Work and a YAK LSI from the Honolulu Community College in Hawaii, 
are demonstrated in section 5.6 in chapter 7. 
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2.2.5. The Study Preference Questionnaire 
The Study Preference Questionnaire (Ford, 1985) was developed to assess preferences for one or other sequence 
of learning approaches: Global description-building predominantly before local procedure building, or vice 
versa. It classifies a student as having either a holist-like or a serialist-like bias, or a combination of both. The 
questionnaire is provided in section 6 of appendix 6. 
2.2.6. Herrmann Brain Dominance Instrument (HBDI) 
This method classifies students in terms of their relative preferences for thinking in four different modes based 
on the task-specialized functioning of the physical brain (Herrmann, 1990). The four modes or quadrants in this 
classification scheme are 
1. Quadrant A (left brain, cerebral). Logical, analytical, quantitative, factual, critical; 
2. Quadrant B (left brain, limbic). Sequential, organized, planned, detailed, structured; 
3. Quadrant C (right brain, limbic). Emotional, interpersonal, sensory, kinesthetic, symbolic; 
4. Quadrant D (right brain, cerebral). Visual, holistic, innovative. 
2.2.7. The Neethling Brain Profile Instrument 
Dr. Kobus Neethling is internationally known as an expert on creativity. His workshops and lectures on 
creativity are very popular- both in and outside of South Africa (United States of America, Japan, Venezuela 
and the Philippines) (Neethling & Rutherford, 1996). He developed the Neethling Brain Instrument (NBI). It is 
a computer program that was designed to determine a person's thinking style- and left or right brain preferences 
(preferences for the four quadrants of the brain: Ll, L2, R1 and R2). The NBI was developed after extensive 
research was done internationally over the last 15 years. More than 200 000 adults and children from different 
countries utilized the NBI. 
Neethling's Ll, L2, R2, and R1 correspond to Herrmann's quadrants A, B, C and D, respectively. Neethling's 
and Herrmann's instruments have the same purpose, i.e. measuring a person's left- and right brain preferences. 
The NBI determines a person's brain profile. It specifies a person's dominant, secondary and tertiary brain 
quadrants . This profile gives an indication of a person's left or right brain preferences, and will consequently 
implicate inter alia how a specific career will suit a specific individual, how such a person will act socially, how 
he will do business, how he will communicate, how he will learn, how he will teach, how he will solve 
problems, and how he will make decisions. The different characteristics, careers, problem solving strategies, 
learning and teaching styles, and classroom activities that are typically associated with each of the brain's four 
quadrants are outlined in section 7 of appendix 6. 
I adapted an approximation of the NBI for my purposes. It is described in section 7.1 of appendix 6. My 
program classifies a person as having either aLl , L2, R1 or R2 dominant preference, as having either a L1 , L2, 
R1 or R2 secondary preference, and as having the remaining two quadrants as tertiary quadrants . The different 
characteristics, careers, problem solving strategies, learning and teaching styles, and classroom activities that are 
typically associated with each of the brain's four quadrants are consequently linked with each of these ranked 
preferences. It is used within my framework, as an alternative for inter alia my version of Felder and 
Silverman's model for teaching and learning, in a procedure to determine a tutoring strategy that matches a 
student's left- and I or right brain preferences. This procedure (or model for tutoring and learning) is described 
in the next chapter. 
2.2.8. Howard Gardner's Theory of Multiple Intelligences 
Professor Howard Gardner of Harvard University spent years analyzing the human brain and its impact on 
education. His conclusions are simple, but very important, and are spelled out in his theory of multiple 
intelligences (Rose & Nicholl, 1997). 
He says that we each have at least eight different types on intelligence. Two of them are very highly valued in 
traditional education. 
Gardner calls the first one linguistic intelligence: our ability to read, write and communicate with words. This 
ability is very highly developed in authors, poets and orators. 
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The second is logical-mathematical intelligence: our ability to reason and calculate. This is most developed in 
scientists, mathematicians, lawyers and judges. 
According to Dryden & Vos (1994) most so-called intelligence tests (IQ tests) have focussed on these two 
talents. Much schooling around the world also concentrates on these two abilities. Professor Gardner says that 
this has given us a warped and very limited view of our learning potential. He also lists the following six 
distinct intelligences: 
• Musical intelligence: obviously highly developed in composers, conductors and top musicians; 
• Visual-spatial intelligence: the kind of ability used by architects, sculptors, painters, navigators and pilots; 
• Kinesthetic intelligence or physical intelligence: very highly developed in athletes, dancers, gymnasts and 
perhaps surgeons; 
• Interpersonal intelligence: the ability to relate to others - the kind of ability that seems natural with 
salesmen, motivators and negotiators; 
• Intrapersonal intelligence or introspective intelligence: the ability of insight, to know oneself- the ability 
that gives some people great intuition. This is the kind of ability that lets you tap into the tremendous bank 
of information stored in your subconscious mind; and 
• Naturalist intelligence: the ability to recognize flora and fauna, to make other consequential distinctions in 
the natural world, and to use this ability productively - for example in hunting, farming, or biological 
science. Farmers, botanists, conservationists, biologists, and environmentalists would all display aspects of 
this intelligence. 
Professor Gardner says brain surgery and research have shown that each of these "intelligences" or abilities is 
located in a distinct part of your brain. Severely damage that part of your brain and you will be in danger of 
losing that particular aspect of intelligence. 
Every normal individual possesses varying degrees of each of these eight intelligences, but the way in which the 
intelligences combine and blend are as varied as the faces and the personalities of individuals. 
Some people may have one or two intelligences that are highly developed. They may excel in one area and yet 
be at a complete loss in a different situation. A classic example would be the brilliant ·mathematician who can 
solve complex problems but cannot communicate that understanding to others! 
Alternatively, an individual may not be particularly gifted in any intelligence, and yet, because of his particular 
combination or blend of skills, he may be able to fill some niche uniquely well. 
The better developed the range of your intelligences the more flexible you will be in meeting a wide range of 
challenges in life . The aim in education should therefore be a "rounded" mind. Gardner's Theory of multiple 
intelligences gives us 7 different ways to explore any subject, and an eighth (naturalist intelligence) to check 
whether our conclusions are socially and ecologically acceptable. 
It is very important to stress that one should not try to teach all concepts or subjects using all the intelligences. 
Gardner adds: "Most topics can be powerfully approached in a number of ways. But there is no point in 
assuming that every topic can be effectively approached in at least seven ways. It is a waste of effort and time 
to attempt to do this". 
This new way of regarding intelligence tells us that subjects can be approached and learned from a number of 
perspectives. When people are able to use their strongest form of intelligence, they will fmd learning easier and 
more enjoyable. It is therefore important for the teacher to try to accommodate the learning styles of all of its 
learners and for the Ieamer to know his strongest intelligences and consequently his best learning strategies. 
Both the teacher and the Ieamer should, however, keep in mind that "Intelligence" is simply a set of abilities and 
skills. They can therefore develop and improve their intelligence by learning to use their abilities to the full. 
Rose and Nicholl (1997) compiled a Multiple Intelligence Quiz (MI Quiz) that can be used to determine a 
person's current profile of intelligences, i.e .. his current strong and weak intelligences. A copy of this MI Quiz 
can be found in section 8 of appendix 6. Appendix 6 also contains characteristics of the various intelligences. 
They are listed under the headings 
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• Likely traits 
• Learning Elements 
• Commonly found in ... 
• Example of a Famous Person and 
• Exploration. 
2.2.9. LaHaye's Temperament Test 
Temperament is the combination of traits everyone inherits from his parents. No one knows where it resides, 
but LaHaye (1984) is of the opinion that it is somewhere in the mind or emotional center, often referred as the 
heart. From that source it combines with other human characteristics to produce one's basic makeup. 
It is a person's temperament that makes him outgoing and extroverted or shy and introverted. It is temperament 
that makes some people art and music enthusiasts while others are sports- or industry minded. Temperament 
influences everything you do - from sleep habits to study habits to eating style to the way you get along with 
other people. It determines how you drive, how you shop, how you take care of your yard, how you write, how 
you communicate, how you pay your bills, how you discipline your child, how you exercise, etc. 
The Temperament Theory was first conceived by Hippocrates more than two thousand four hundred years ago. 
The heart of the temperament theory divides people into four basic categories which he named sanguine, 
choleric, melancholy and phlegmatic. Each temperament type has both strengths and weaknesses that form a 
distinct part of his makeup throughout life. 
La Haye says that we are all a blend of at least two temperaments; one predominates, the other is secondary. He 
identified twelve blends of temperament. According to his theory each person is capable of possessing twenty 
strengths and twenty weaknesses to one degree or another (ten for the predominant and ten for the secondary 
temperament). Section 4 in appendix 6 contains a descriptions of each of these blends, as well as a 
temperament test that you can take to determine your temperament blend. This test was designed by Tm La 
Haye (1984) and is also administered within my tutoring environment. The results thereof are used to identify a 
student's psychological needs. More information on how the tutor responds to these needs can be found in the 
next few chapters. The study habits typically associated with each temperament type are also listed in appendix 
6. 
2.2.1 0. Felder-Silverman Learning Style Model and the Index of Learning Styles (ILS) 
The Felder-Silverman learning style model (Felder & Silverman, 1988) classifies students as: 
• sensing learners (concrete, practical, oriented toward facts and procedures) or intuitive learners (conceptual, 
innovative, oriented toward theories and meanings); 
• visual learners (prefer visual representations of presented material--pictures, diagrams, flow charts) or 
verbal learners (prefer written and spoken explanations); 
• inductive learners (prefer presentations that proceed from the specific to the general) or deductive learners 
(prefer presentations that go from the general to the specific); 
• active learners (learn by trying things out, working with others) or reflective learners (learn by thinking 
things through, working alone); 
• sequential learners (linear, orderly, learn in small incremental steps) or global learners (holistic, systems 
thinkers, learn in large leaps). 
Felder and Soloman are in the process of developing The Index of Learning Styles which is an instrument used 
to assess preferences on four dimensions (active/reflective, sensing/intuitive, visual/verbal, and 
sequential/global) of the learning style model formulated by Richard M. Felder and Linda K. Silverman (Felder, 
1996). The model also contains a fifth dimension, inductive/deductive, that is not assessed by the ILS. 
A preliminary version of the ILS (a 44-item questionnaire) is listed in section 9 of appendix 6. The ILS is, 
according to Felder (1996) still under development and cannot be considered as having been validated. The 
results provide an indication of an individual's learning preferences and probably an even better indication of the 
preference profile of a group of students (e.g. a class). Characteristics of the various classifications within the 
ILS are also listed in section 9 of appendix 6; i.e. characteristics of active, reflective, sensing, intuitive, visual, 
verbal, and sequential, and global learners. 
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2.2.11. Learning Styles on the Internet- A Selection of Sites 
The internet contains a wealth of information on learning styles and learning style inventories - the following 
websites are worth a visit. 
• http://www.newhorizons.org/trm intr.html 
• http :l/www. hcc. hawaii. edu/intranet/committees/F acDevCom!guidebk/teachtip/lernstvl. h tm 
• http://www 2. ncsu. edu/unitv!lockerslusers!(!felderlpublic/JLSpage. html 
• http :1/www-isu. indstate. edulctl/styles/learning. html#TE CH 
• http://snow. utoronto. ca/Learn2/lstvle2. htm 
• http://www. wavetech.com/whtpaperlabttmwp.html 
• http :l!www. accelerated-! earning. net/index. htm 
• http://www. 2h. com/ Tests/personality.phtml 
• http://www. tiac. net/users/lsetter/learnstv. htm 
• http://www.meyers-briggs.com/ 
2.3. Important Research Findings: Kolb and Jungian Types and Their Relationships 
109 
Kolb, according to Richter (1992), is of the opinion that learning environments which operate according to a 
learning theory dissimilar to a person's preferred style of learning are more likely to be rejected or resisted by 
that person. 
Kolb also found that there is a relationship between educational specialization and learning styles: 
Undergraduate business majors tend to have accommodative learning styles while engineering students tend to 
be convergent learners; those students majoring in history, english, political science and psychology tend to 
have divergent learning styles; and those students majoring in mathematics, economics, sociology and chemistry 
tend to have assimilative learning styles. Students majoring in physics are very abstract thinkers falling between 
the convergent and assimilative quadrants. 
Research done by Margerison and Lewis (Richter, 1992), demonstrated that sensation, as dominant function, is 
related to an accommodative learning style, while intuition, as a dominant function, is related to an assimilative 
learning style. Individuals having feeling as dominant function are divergent learners while being thinking 
dominant indicate convergent learners. It also became evident from self-descriptions that extraverts are active 
in learning situations while introverts are highly reflective. 
Translated into learning preferences it means: 
• The Jungian type sensation has a need for order, he prefers a step-by-step, practical approach, set schedules, 
the setting of goals, the use of films and audiovisual aids, tasks that call for carefulness, thoroughness and 
soundness of understanding, and tasks that call for observing specifics and for memory of facts . 
• The intuition type has a need for autonomy, for situations requiring imaginativeness and for a theoretical 
orientation to material. He is field-independent (characterized by high levels of differentiation), he prefers 
to work on his own initiative and likes doing non-required reading. He, however, experiences problems 
with time-management. He is good at finding his own way in new material, he prefers reading and has 
intellectual interests. He has a preference for tasks that call for quickness of insight and in seeing 
relationships; tasks that call for grasping general concepts and for those that call for imagination. 
• The thinker gives preference to logical organization of material and teacher, to a serious, business-like 
approach to the material by the teacher, and for the study of objective material. He also enjoys formal 
lectures. 
• The feeling type prefers non-technical subjects and a non-technical approach, he has a need for affiliation, 
nuturance and social contact in a learning situation, and he needs personal rapport with the teacher. He 
enjoys group projects and prefers learning through personal relationships. 
• The extrovert prefers being active in learning situations, he prefers oral presentations of material to be 
learned, he also likes to present material orally to others, and performs better in dialogue situations. Social 
contacts and group projects are very popular and he enjoys psychomotor activity. 
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• The introvert, on the other hand, is highly reflective in learning situations, he performs better in situations 
which do not require much dialogue and interaction and prefers working individually. He needs time for 
internal processing and has a need for solitude. 
Kolb concluded, taking the above research fmdings as a whole, that the personality type associated with 
accommodative learning tends to be extraverted sensation, that introverted feeling is seen as related to the 
divergent learning style, that introverted intuition corresponds to the assimilative learning style and that 
extraverted thinking is associated with the convergent learning style. 
These fmdings hold important implications for the learning and teaching of LP, a subject lectured in as many as 
seven faculties at our university (Engineering, Natural Sciences, Forestry, Agriculture, Commerce and Business 
Administration, Military Science and Education). 
2.4. Implications for Engineering and LP Education 
It will be important in the teaching ofLP, in a traditional classroom setting, to accommodate the convergent, the 
assimilative, the divergent and the accommodative. Students of different backgrounds, specialization and 
learning style must be reached and their learning experiences must be optimized. How can this be achieved? 
The following are some of the techniques provided by Felder and Silverman (1988). Although it is, as it is 
given, applicable to human teaching, it could be, and indeed was, adapted for computer tutoring. The only 
difference being that in the tutoring environment instruction can be individualized and adapted according to a 
specific student's preferences. How this is done, will be explained later. Keep the research fmdings regarding 
the relationship between Kolb's learning styles and Jungian rypes in mind when reading about their (Felder and 
Silverman's) recommendations. 
• A good balance of concrete information (facts, data, real or hypothetical experiments and their results) 
(sensing) and abstract concepts (principles, theories, mathematical models) (intuitive) should be provided. 
Material that emphasizes practical problem solving (sensing/active) has to be balanced with material that 
emphasizes fundamental understanding (intuitive, reflective). Illustrations of intuitive and sensing patterns 
should be provided and students should be encouraged to exercise both patterns. 
• Use concrete examples of the phenomena the theory describes (sensing), then develop the theory or 
formulate the model (intuitive), show how the theory or model can be validated, deduce its consequences 
and present applications (sensing). Using this method to present theoretical material actually touches on 
another dimension of the learning process, namely induction and deduction. 
• Induction is a reasoning progression that proceeds from particulars to generalities, while deduction proceeds 
in the opposite direction. In induction one infers principles; in deduction one deduces consequences. 
Engineering students normally have a preference towards induction, while mathematicians prefer deduction 
(This can also be seen by studying the prescribed textbooks for different courses in LP). It should definitely 
be incorporated in our teaching ofLP (as was illustrated in the previous paragraph). 
• Another hint states: Use pictures, schematics, graphs and simple sketches liberally before, during, and after 
the presentation of verbal material (sensing). In the process both the auditory and visual modalities are 
brought into the learning process. Where possible, show films, provide demonstrations (sensing) and give 
opportunities for hands-on experience (active). Computer-assisted instruction is also a good way to reach 
students, especially sensors (sensing, active) . 
• Students should also be given the opportunity to think about what they have heard (reflective). Drill 
exercises provide practice in the basic methods being taught (sensing, active), but should not be overdone 
(intuitive, reflective). Some open-ended questions are welcome and exercises that call for analysis and 
synthesis are very helpful (intuitive, reflective). 
• Cooperation between students should be encouraged (active), creative solutions should be applauded 
(intuitive), and students should be motivated and taught about learning styles. 
These techniques could be combined in a model for teaching and learning that is based mainly on Felder's 
research and will be explained and demonstrated in the next chapter. 
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2.5. Shortcomings of Current Engineering Education with Reference to a Number of 
Learning Style Instruments 
2.5.1. Kolb's Learning Style Model 
Traditional engineering instruction focuses almost exclusively on formal presentation of material (lecturing), a 
style comfortable for only assimilative learners. To reach all types of learners, a professor should explain the 
relevance of each new topic (divergent learning preference), present the basic information and methods 
associated with the topic (assimilative learning preference), provide opportunities for practice in the methods 
(convergent learning preference), and encourage exploration of applications (accommodative learning 
preference). The term "teaching around the cycle" was originally coined to describe this instructional approach 
(Felder, 1996). 
2.5.2. The Myers-Briggs Type Indicator (MBTI) 
Engineering professors usually orient their courses toward introverts (by presenting lectures and requmng 
individual assignments rather than emphasizing active class involvement and cooperative learning), intuitors (by 
focusing on engineering science rather than design and operations), thinkers (by stressing abstract analysis and 
neglecting interpersonal considerations), and judgers (by concentrating on following the syllabus and meeting 
assignment deadlines rather than on exploring ideas and solving problems creatively) (Felder, 1996). 
A substantial subset of personality types (there are 16 in total) is excluded in the process and a serious mismatch 
between the teacher's preferred teaching style and the preferred learning styles of his students is the result. 
2.5.3. Herrmann Brain Dominance Instrument (HBDI) I Neethling's Brain Profile Instrument 
Engineering professors on the average are strongly Quadrant A I L1 dominant and would like their students to 
be that way as well (Lumsdaine & Lumsdaine, 1995). Most engineering instruction consequently focuses on 
left-brain Quadrant A I L1 analysis and Quadrant B I L2 methods and procedures associated with that analysis, 
neglecting important skills associated with quadrant C I R2 (teamwork, communications) and quadrant D I Rl 
(creative problem solving, systems thinking, synthesis, and design). This imbalance is a disservice to all 
students, but particularly to the 20-40% of entering engineering students with strong preferences for C I R2 and 
D I Rl quadrant thinking (Felder, 1996). 
2.5.4. Howard Gardner's Theory of Multiple Intelligences 
Schools, universities, colleges and training rooms typically teach their students to involve only their linguistic 
and mathematical-logical intelligences (Rose & Nicholl, 1997). If a student's brain is naturally set up to be good 
with words and figures he will do well in formal education. If he likes a teaching style that reveals the subject 
bit by bit in a logical step-by-step manner, he will like the way most textbooks and lectures are put together. 
But this approach that is typical of formal teaching and learning is mostly directed to just two types of 
intelligence, i.e. linguistic and mathematical-logical. If that is the way a student's brain naturally works, he is 
lucky. However, for people whose natural strengths are not linguistic or mathematical-logical learning may 
become a tough experience because it mostly offers a single chance to understand. Howard Gardner calls this 
"the single chance of education" . 
When the material is available or delivered in such a way as to engage all or most of the eight intelligences, 
there is, according to Gardner, a "multiple chance" to understand it (Rose, 1999). A student need to explore the 
learning process using the forms of intelligence he prefers. These students who prefer and actually need other 
ways than the traditional (linguistic and mathematical-logical) to explore a subject are not well served by the 
way information is normally presented at school, in training rooms and in text books. The result: they achieve 
less than they could. Gardner adds: " The "single chance" practice of education has resulted in a depressingly 
large number of people who have concluded that they have little talent for learning." If they are, however, given 
the chance to also use other types of intelligence they can blossom. 
If engineering education could strive to deliver in the "multiple chance" mode instead of the "single chance" 
mode much better results could be achieved, drop out rates could be reduced drastically and a better quality and 
trained professional engineer could be delivered. 
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2.5.5. La Haye's Temperament Test 
The four temperament theory has the potential to be an invaluable tool in education, but it is seldom used. La 
Haye (1984) criticizes the educational system for not accommodating student's temperaments in the teaching 
process. He says: "Educators have made a shambles out of our once great school system with their untested 
theories that have set the learning process back instead of forward ." 
Some of the characteristics of the four temperaments that are mostly neglected, according to LaHaye (1984), 
are: 
• The gifted melancholy student is a fast learner who may not need rote learning. The sanguine, choleric or 
phlegmatic student, on the other hand, needs rote learning and disciplined drills to become proficient. 
• Sanguines are restless, temperamental flitters; phlegmatics are daydreamers; and cholerics spin-off on their 
own tangents. 
• Sanguines and phlegmatics need prodding, cholerics need goals and knowledge as to why something is 
relevant; and melancholies need exposure to the subject and encouragement. 
• Also see the list of study habits associated with each temperament type in appendix 6. 
Each temperament has a set of strengths and weaknesses that should be built upon. A wise teacher will try to 
diagnose his students' tendencies and motivate them according to need. Sadly this is seldom the case. 
2.5.6. Felder-Silverman Learning Style Model 
For the past few decades, most engineering instruction has been heavily biased toward intuitive, verbal, 
deductive, reflective, and sequential learners (Felder, 1996). However, relatively few engineering students fall 
into all five of these categories. Thus most engineering students receive an education that is mismatched to their 
learning styles. This could hurt their performance and their attitudes toward their courses and toward 
engineering as a curriculum and career. 
3. The Value of Learning Style Based Teaching and Learning 
I began this chapter with the following two quotes, and I want to repeat them here because they strikingly 
describe the value oflearning style based teaching and learning. 
"Every human being has a learning style and every human being has strengths. It is as individual as a signature. 
No learning style is better- or worse - than any other style. All groups - cultural, academic, male, f emale-
include all types of learning styles. Within each culture, socio-economic strata or classroom, there are as many 
differences as there are between groups." 
Professors Ken and Rita Dunn 
"When you learn the techniques that best match your pref erred learning style, you will be learning in the way 
that is most natural to you. Because it's natural (brain friendly) - it's easier. Because it's easier, it's quicker. 
That's why it's called Accelerated Learning." 
Colin Rose 
The advantages of learning style based teaching, its possible role in combating high attrition rates in science and 
engineering and the importance of "teaching around the cycle" are covered in the remainder of this discussion. 
A few personal comments regarding the implications of all this for the design of a tutoring environment is also 
made. I specifically focus on science and engineering education because LP falls there within and because it is 
one of the goals of this study to find ways to improve the quality of engineering education. 
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3.1. Advantages of Learning Style Based Teaching and Its Role in Combating Attrition 
Rates in Science and Engineering 
In a recent study Tobias ( 1990) found that introductory science courses are responsible for driving off many 
students from science and engineering courses. The negative features of the courses she cites include their 
• failure to motivate interest in science by establishing its relevance to the students' lives and personal 
interests; 
• relegation of students to almost complete passivity in the classroom; 
• emphasis on competition for grades rather than cooperative learning; and 
• focus on algorithmic problem-solving as opposed to conceptual understanding. 
Recent educational research provides theoretical support for Tobias's assertions. The research shows that 
students are characterized by significantly different learning styles: they preferentially focus on different types 
of information, tend to operate on perceived information in different ways, and achieve understanding at 
different rates ((Barbe & Milone, 1981); (Claxton & Murrell, 1987); Como & Snow, 1986); (Felder, 1988); 
(Felder, 1989); (Felder, 1990); (Felder & Silverman, 1988); (Godleski, 1984); (Kolb, 1984); (Lawrence, 1982); 
(Lawrence, 1994); (Pask, 1988); Schmeck, 1988)). Students whose learning styles are compatible with the 
teaching style of a course instructor tend to retain information longer, apply it more effectively, and have 
more positive post-course attitudes toward the subject than do their counterparts who experience 
learning/teaching style mismatches (advantages) . 
All of the points raised by (Tobias, 1990) about the poor quality of introductory college science instruction can 
be expressed directly as failures to address certain common learning styles. 
A common but incorrect explanation of high student attrition rates from engineering is that most of those who 
leave lack the academic ability to cope with the rigors of the discipline (Felder, Felder & Dietz, 1988). In fact, 
studies have shown little difference in academic status between students staying in engineering and students 
leaving. The true explanation appears to involve a complex set of factors including 
• students' attitudes toward engineering; 
• their self-confidence levels; 
• and the quality of their interactions with instructors and peers ((Astin 1993a); (Besterfield-Sacre, Atrnan & 
Shuman, 1997); {Tobias, 1990); (Cross, 1993)) 
along with their aptitude for engineering. 
In turn, students' attitudes toward engineering and confidence levels are strongly related to their classroom 
experience. (Astin, 1993a,b,c) shows that compared to majors in other fields, engineering majors are much more 
dissatisfied with the quality of instruction they receive in college and with their overall college experience, and 
he offers convincing evidence that the prevalent model of instruction in engineering- extensive reliance on 
lecturing and individual work and norm-referenced grading (curving)- plays a major role in this high 
dissatisfaction level and therefore in student attrition. 
Astin, Cross, and many other educational scholars recommend establishing an alternative instructional 
environment that includes using active and cooperative learning and a variety of other pedagogical methods 
designed to accommodate different learning styles. The solution, therefore, should consist of a learning style 
based approach towards teaching and learning. 
The mismatches between the prevailing teaching style in most science courses and the learning styles of most of 
the students have several serious consequences (Felder & Silverman, 1988). 
Students who experience them feel as though they are being addressed in an unfamiliar foreign language: they 
tend to get lower grades than students whose learning styles are better matched to the instructor's teaching style 
(Godleski, 1984) and are less likely to develop an interest in the course material (Felder, 1988). 
If the mismatches are extreme, the students are apt to lose interest in science altogether and be among the more 
than 200,000 who switch to other fields each year after their first college science courses (Tobias, 1990). 
Professors confronted by inattentive classes and poor student performance may become hostile toward the 
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students (which aggravates the situation) or discouraged about their professional competence. Most seriously, 
society loses potentially excellent scientists. 
These problems could be minimized and the quality of science education significantly enhanced if instructors 
modified their teaching styles to accommodate the learning styles of all the students in their classes (Felder, 
1993). In order to communicate the application of this finding and to promote know-how of teaching and 
learning styles, I have computerized a number of learning style inventories, created five hypermedia teaching 
and learning assistants and implemented a motivational assistant (to work on the students' confidence levels!). 
In doing so I hope to be part of the solution, not the problem! See section 6.1 of this chapter, section 3.1 of the 
previous chapter as well as the whole of the upcoming two chapters. 
3.2. The Importance of "Teaching Around the Cycle" 
Felder (1996) stresses the importance of"teaching around the cycle when he says: 
"Functioning effectively in any professional capacity, however, requires working well in all learning style 
modes. For example, competent engineers and scientists must be observant, methodical, and careful 
(characteristics of the sensing style) as well as innovative, curious, and inclined to go beyond facts to 
interpretation and theory (characteristics of the intuitive style). Similarly, they must develop both visual and 
verbal skills. Information routinely comes in both forms, and much of it will be lost to someone who cannot 
function well in both of these modes." Compare Felder and Silverman's model (section 2.2.10). 
He continues by saying: 
"If professors teach exclusively in a manner that favors their students' less preferred learning style modes, the 
students' discomfort level may be great enough to interfere with their learning. On the other hand, if professors 
teach exclusively in their students' preferred modes, the students may not develop the mental dexterity they need 
to reach their potential for achievement in school and as professionals. 
An objective of education should thus be to help students build their skills in both their preferred and less 
preferred modes of learning. Learning style models that categorize these modes provide good frameworks for 
designing instruction with the desired breadth. The goal is to make sure that the learning needs of students in 
each model category are met at least part of the time. This is referred to as "teaching around the cycle"." 
3.3. Implications for the Design of a Tutoring Environment 
I strongly advocate "teaching around the cycle" in traditional classroom settings. In one-on-one tutoring 
situations it is, however, best to try to address a student's preferred learning style. Students should also use their 
preferred learning styles when learning. Within my computerized tutoring environment a teaching and learning 
assistant recommends a tutoring strategy that best match the student's preferred way of learning. He is, 
however, as I will explain in a later chapter, free to choose any strategy he likes. The student therefore has the 
choice to either follow the recommended tutoring strategy or to deliberately choose a strategy that also include 
learning elements that he will not normally prefer (according to his learning style model) . In this way he may 
choose to also develop his less preferred learning style elements which will eventually enable him to work well 
in all learning style modes, as recommended by Felder (1996). 
4. Traditional and Computer-Based Applications of the Above-described 
Learning Style- and Teaching and Learning Models 
4.1. Applications of the Kolb Model 
Felder (1996) describes the following applications of the Kolb model: 
Julie Sharp, an associate professor of technical communications in the chemical engineering department at 
Vanderbilt University, has administered the Kolb Learning Style Inventory to her technical communication 
classes and senior chemical engineering laboratory course for the past six years . In the communication class, she 
gives the students a handout describing ways to communicate effectively to the four different learning types. 
The students then prepare and give 1 0-minute presentations designed to appeal to all types. In the laboratory 
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course, the students keep journals in which they describe conflicts and accomplishments within their lab groups, 
relating them to the group members' learning styles. Sharp has found that teaching students about learning styles 
helps them learn the course material because they become aware of their thinking processes. More importantly, 
she says, it helps them develop interpersonal 
skills that are critical to success in any professional career. This example supports my goal of teaching 
students how-to-learn (with the aid of teaching and learning assistants). 
In 1989 the College of Engineering and Technology at Brigham Young University initiated a faculty training 
program based on Kolb learning styles. About one-third of the engineering faculty members, all volunteers, 
were trained in the concepts of the Kolb model and methods of teaching to each Kolb type. The volunteers 
implemented the approach in their courses, reviewed videotapes of their teaching, and discussed their successes 
and problems in focus groups. The benefits of the program have been significant. Many faculty members--
including some who did not participate in the original training --have redesigned their courses in an attempt to 
reach the full spectrum of learning styles. They do so by using a variety of teaching methods such as group 
problem solving, brainstorming activities, design projects, and writing exercises in addition to formal lecturing. 
Additionally, discussions about teaching have become a regular part of department faculty meetings; the 
general level of interest and concern about teaching has increased throughout the engineering college; and 
several faculty members have become involved in the "scholarship of teaching," presenting and publishing peer-
reviewed papers related to engineering education. (Harb, Durrant & Terry, 1993) This example supports my 
goal of teaching teachers how-to-teach (with the aid of teaching and learning assistants). 
Applications of the Kolb model are also described by Kolb (1984), McCarthy (1987) and Stice (1987). 
4.2. Applications of the Myers-Briggs Type Indicator 
During the 1980s, thousands of engineering students and hundreds of engineering professors took the MBTI as 
part of a research study conducted by a consortium of eight engineering schools and the Center for Applications 
of Psychological Type. The study examined the effects of psychological type differences on the education and 
career development of engineering students. Educators have used the results to design methods for improved 
teaching and advising. (McCaulley, 1990), (McCaulley, Macdaid & Granade, 1985). 
Felder (1996) cites the example of Charles Yokomoto, an electrical engineering professor at Indiana University-
Purdue University at Indianapolis. He uses the MBTI as a diagnostic tool for students having academic 
difficulties. He administers the instrument to them, gives them the results, and describes the characteristics of 
their type. If the descriptions seem accillate to the students Yokomoto helps them devise remedial approaches 
that not only capitalize on their strengths but also use their weaker modes when doing so is the more appropriate 
learning approach. Letting the students assess the accuracy of the descriptions is essential. Like all other 
assessment instruments, the MBTI provides clues, not infallible labels. The student is the ultimate judge of his 
or her behavior patterns. 
Working with an ISTJ (introvert, sensor, thinker, judger) student who was failing the introductory course in 
electrical circuits, Y okomoto speculated and confirmed that the student relied too heavily on memorization and 
drill (traits of ISTJs) as approaches to problem solving. The professor persuaded his student to add strategies 
based more on a fundamental understanding of the concepts. The student's performance began to improve: by 
his senior year he was earning A's, and he subsequently received a master's degree in electrical engineering. 
In another case, Yokomoto found that an ENTJ (extrovert, intuitor, thinker, judger) student jumped directly into 
mathematical derivation on every homework and test problem (behavior consistent with extroverted intuition) 
rather than using routine procedures for routine problems. The resulting demands on the student's time caused 
problems with assignment completion and test performance. Once the student realized what he was doing, he 
began to apply his analytical talents when needed rather than using them indiscriminately and inefficiently. As 
a result, his performance improved. 
This example illustrates how a teaching and learning model could be used in one-on-one remediation 
situations. 
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4.3. Applications of the Herrmann Brain Dominance Instrument 
In the early 1990s, Edward Lumsdaine and Jennifer Voitle, then of the University of Toledo's engineering 
college, studied the HBDI types of the college's students and faculty members. They found that many 
engineering students and professors were left-brain thinkers--logical, analytical, verbal, and sequential. Their 
data also indicated a strong attrition rate among right-brain thinkers, with many of them dropping out despite 
earning top grades in analytical courses. A dominant reason for their choosing other majors is the inhospitable 
learning climate in engineering, which does not accommodate their thinking preferences, even though voices in 
industry are increasingly demanding engineers with precisely those thinking skills (Felder, 1996). 
Lumsdaine and Voitle (Felder, 1996) reviewed the existing mechanical engineering curriculum, found it skewed 
toward left-brained thinking skills, and set out to provide a better balance by introducing more creativity, design, 
innovation, and teamwork into selected courses. One course, "Introduction to Computing," originally consisted 
of 20 percent quadrant A I Ll activities (structured programming) and 80 percent quadrant B I L2 activities 
("following the rules" in canned, routine programs). The redesigned version involved approximately 20 percent 
each for quadrants A ILl and B I L2 and 30 percent each for quadrants C I R2 and D I Rl (student experiments, 
question formulation, design, modeling, and optimization). Students worked in teams formed by the professors 
to provide balance in HBDI types. Student performance levels and attitudes to the course improved considerably 
because of these changes. 
These results and results of similar studies led Edward and Monika Lurnsdaine (1995) to conclude that the 
HBDI can serve several important functions. These include helping students gain insight into their learning 
styles and formulate successful learning strategies; helping instructors understand students' questions, 
comments, and answers in the context of their thinking preferences; helping instructors and students form 
whole-brain teams for optimum problem solving; and assessing the influence of curriculum changes on 
individual and collective student thinking skills. 
The above-described research supports my framework's goals of teaching teachers how-to-teach, teaching 
students how-to-learn and redesigning the curriculum to accommodate both left- and right brain preferences. 
I have implemented a modified version ofNeethling's Brian Profile Instrument, a LSI very similar to the HBDI, 
in an attempt to accomplish this. See section 6 and the next two chapters. 
4.4. Applications of Howard Gardner's Theory of Multiple Intelligences 
4.4.1. Case studies from the Literature 
A school teacher. Bruce Campbell, rearranged his classroom to accommodate seven learning centers, each one 
providing learning activities based upon a different intelligence from Gardner's theory of multiple intelligence. 
Each day his students spend time at each center learning about the day's theme in seven different ways. 
Students learn by reading, writing, computing, solving problems cooperatively, moving and building, singing 
and creating rhythms, and through diverse art forms. The curriculum is both thematic and interdisciplinary. 
A research project was undertaken to explore student reactions to his multiple intelligences-based instruction 
model. According to Campbell ( 1990) he "has found that his students have demonstrated increased 
responsibility, self-direction, and independence. All students have improved in cooperative learning skills and 
interpersonal behavior. Furthermore, the academic achievement of all students has markedly improved, as 
measured by both classroom and standardized tests. Several students who previously had been unsuccessful in 
school have become high achievers ." 
Mark Wahl (1997) wrote a book with the title Math for Humans. He describes how a teacher can tap seven of 
the intelligences of students regularly, widely, and innovatively during a maths lesson. In the process the 
teacher will be communicating the point that math can contain a kaleidoscope of appeals to a wide variety of 
processing. The book has received impressive reviews and certainly holds a lesson or two for people involved 
in engineering or LP education. 
The six-step M* A *S*T*E*R method of teaching and learning that includes the introduction of multiple 
intelligences and which will be described in the next chapter, was put to test in a secondary school in London. 
Previously this school was branded as a "failing school" by the Office for Standards in Education, the national 
body in the UK charged with assessing the performance of schools. The introduction of accelerated learning 
and the theory of multiple intelligences had a dramatic result: a 300 percent improvement in students' 
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achievement of grades A to C! Details can be found in (Rose & Nicholl, 1997). Rose & Nicholl (1997) list 
many more examples of how Gardner's theory has been integrated into teaching and also reports on the results 
of these integrations. 
SuperCamp, a summer camp organized by the Learning Forum of Oceanside, California, uses accelerated 
learning techniques (including the theory of multiple intelligences) to give students a vacation they never forget. 
It incorporates a fmely orchestrated combination of three cardinal elements: academic skills, physical 
achievements and life skills. Researcher Jeannette Vos conducted a study involving more than 6000 
SuperCamp graduates between the ages of twelve and twenty-two, She found that 97 percent of them with a 
grade point average of 1.9 or less improved their grades by an average of one point, that 73 percent of campers 
improved their grades and that 84 percent reported increased self-esteem. 
Dryden & Vos (1994) argue strongly in favor of the use of accelerated learning (within which the theory of 
multiple intelligence plays an integral part) in their book "The Learning Revolution" and illustrate their point by 
providing descriptions of the following examples: 
• At Northeast Medical College forty percent of first-year medical students failed their final exam m 
anatomy. The course was redesigned with integrative learning principles and 1 00 percent passed. 
• In Flaxmere, New Zealand, 11-year-olds up to five years behind at school are catching up in under ten 
weeks. 
• In a United States Army trial, soldiers have achieved 661 percent better results when learning German with 
the aid of accelerated learning: more than twice the results in one-third the time. 
• Bridley Moor High School, Redditch, England, has made a careful comparison of results with accelerated 
learning techniques. They have compared one class which has used the new methods to learn a foreign 
language - for only ten weeks - and one learning by conventional methods for a year. They found that 65 
percent of the students who used the new methods achieved a 80 percent pass mark or better compared to 
11 percent of those who used the normal methods, and that 38 per cent of the students who used the new 
methods achieved a 90 percent pass mark or better compared to 3 per cent of those who used the normal 
methods. Then, using only the new techniques, ten times as many students achieved a 90 percent pass 
mark. 
• At Bell Atlantic C & P Telephone Co. 42, 57 and 50 percent reductions in training times were achieved for 
six- and four-week customer service training courses for company representatives and 12-day technical 
training courses, respectively. Dropout rates were also reduced by over 300 percent and a $700 000-a-year 
saving in training costs were achieved. 
• At Eastman Kodak, Rochester, New York, a 48-hour electronics training course was reduced to 27 hours, 
with a 94 percent memory retention of material 90 days later. 
• More than 500 organizations are already benefiting from Colin Rose's learn-how-to-learn packages. They 
span the entire spectrum of business and public service organizations like Sony, IBM, Kelloggs, Esso, 
Boeing Aircraft, Telecom Australia and Saudi Arabian Airlines. More than 10 000 people at the Rover car 
company have also recently taken one of Rose's learn-to-learn programs, it is the official policy of 
PriceWaterhouseCoopers in the UK to issue their customized version of Colin Rose's Master It Faster 
program to every new employee as part of their initiation training, and a British University is giving a copy 
of Master It Faster to each new student. 
4.4.2. Computer-based Applications of Gardner's Theory of Multiple Intelligences (Locally) 
The University of Stellenbosch offers in-service Further Diplomas in Education (FDEs) for Mathematics and 
Physical Science teachers in order to improve their subject knowledge and teaching skills. Instead of a mixed 
format of contact and distance tuition or pure "paper driven" distance education we are planning to offer these 
FDEs by making use of interactive TV transmissions and computer based tutorials . 
The first phase of this project will be implemented in 1999. Two series of 6 one-hour lessons each in 
Mathematics and Physical Science will be offered to teachers via interactive TV transmissions and computer 
based tutorials. They will be expected to implement the material in their classrooms. Du Plessis (Du Plessis, 
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Smit & De Kock, 1999; Du Plessis & Smit, 1999) has already implemented the first of these lessons, one on 
linear and exponential functions . 
I have developed interactive multimedia presentations based on the M* A *S*T*E*R method of teaching and 
learning to present the course material to the teachers and to accommodate their different learning and teaching 
styles. I have also developed computer-based tutorials which will be used by the teachers (and eventually also 
by their learners) to learn about models of teaching and learning and, very importantly, to individualize their 
learning experiences. The first of these multimedia programs is used by the TV presenter to present the course 
material via TV transmissions to the teachers, and the second is used by the teachers after they have watched the 
TV transmission. 
Du Plessis and Du Plessis ( 1999) have also developed an interactive electronic book I tutorial I course I 
calculator with the title "Everyday Maths and Science KnowHow for All - Discover the Magic of Maths and 
Science in Your Everyday Life" that includes an application of Gardner's theory of multiple intelligences. In an 
innovative way this product teaches the user about maths and science applications and how to be creative, how 
to think, how to learn and how to teach. Each issue also provides an easy to use tool (calculator) that allows the 
user to perform computations he or she may find useful in his/ her everyday life. 
The first issue of this course, for example, has the title "The Food and Activity Calorie Calculator". Apart from 
learning a whole about Calories the user also has the opportunity to explore 7 creativity techniques, 13 
characteristics of creative, intelligent successful people, more than 20 thinking tools and 8 different types of 
intelligence. He is challenged to apply characteristic techniques from each of Gardner's 8 intelligences to topics 
from the curriculum (in this case to topics from food and activity calories). 
4.5. Applications of the Felder-Silverman Model 
Along with Barbara Soloman, the coordinator for advising in the First-Year College at North Carolina State 
University, Richard Felder (Felder, 1996) are developing an Index of Learning Styles (ILS) that classifies 
students on four of the five Felder-Silverman dimensions (all but inductive/deductive). The ILS is in a beta 
version, and some professors are already testing it with their students. 
For example, Peter Rosati, a civil engineering professor at the University of Western Ohtario, has used the ILS 
to assess the learning styles of engineering faculty members and first-year and fourth-year engineering students 
at his university (Felder, 1996). Rosati found that faculty members were significantly more reflective, intuitive, 
and sequential than the students. The results suggest that professors could improve engineering instruction by 
increasing the use of methods oriented toward active learners (participatory activities, team projects), sensing 
learners (guided practice, real-world applications of fundamental material), and global learners (providing the 
big picture, showing connections to related material in other courses and to the students' experience). This 
application again stresses the importance of "teaching around the cycle" and teaching teachers how-to-teach. 
At the University of Michigan, Susan Montgomery, an assistant professor of chemical engineering, is 
developing multimedia instructional modules that address the spectrum of Felder-Silverman preferences 
(Montgomery, 1995). To do this, she assessed her students' learning styles with the ILS and surveyed them to 
determine the attitudes of the different types toward different features of instructional modules. She reports that 
sensing and visual learners rated demonstrations highly; sensing learners liked having access to derivations of 
equations (which they may not have grasped as fully as the intuitors when the instructor first presented the 
equations in class); and active, sensing, and visual learners preferred movies more than their reflective, intuitive, 
and verbal counterparts did. I shall use these fmdings in the next two chapters in the design of the various 
teaching and learning assistants and in deciding which presentation element to match to which learning style 
preference I characteristic. 
In another style-based approach to software instruction, Curtis Carver and Richard Howard, assistant professors 
at the U.S. Military Academy, have developed a hypermedia package for a computer science course on 
information systems (Carver, Howard & Lavelle, 1996). The package, which is distributed on the World Wide 
Web, is based on the Felder-Silverman model. Every lesson starts with a list of objectives and is followed by 
several different presentations of the lesson material, each geared toward a different learning style. For example, 
students can learn how to install a hard drive by going through a Harvard Graphics slide show, which is mostly 
text and appeals to verbal and sequential learners. Alternatively, they can learn the same thing by viewing 
embedded pictures, animations, and movies, which would appeal to visual and global learners. 
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The hypermedia package allows students to assess their learning styles using an online version of the ILS. The 
Web interface then provides them the option of having the material presented in a manner compatible with their 
style preferences, structuring the lesson so that the preferred media elements come first. Students who prefer to 
organize the presentations themselves without following a particular sequence may do so also. (The hypermedia 
package can be accessed at http://www.eecs.usma.edu/cs383/tools.htm. 
Carver's basic approach is the one from the literature that is the closest to the approach I followed in the design 
of my five teaching and learning assistants. Although his work is in some respects very similar to mine 
(specifically regarding the Felder and Silverman model of teaching and learning), our work was done totally 
independent of each other. It was only after I had already completed the design of my teaching and learning 
assistants that I became aware of his research. There are also substantial differences between the two studies, 
but all in all we can say these two studies complement each other beautifully. I will provide an overview of 
Carver's system in the next two chapters. I will also point out where our efforts are similar and where they 
differ. 
At North Carolina State University Felder (Felder, Felder & Dietz, 1998) used the Felder-Silverrnan model to 
design the instruction in a longitudinal study of engineering education. He taught five sequential chemical 
engineering courses in a way that would appeal to a range of learning styles. He presented course material 
inductively, moving from facts and familiar phenomena to theories and mathematical models rather than always 
using the "fundamentals, then applications" approach. He used realistic examples of engineering processes to 
illustrate basic principles and occasionally provided opportunities for laboratory and plant visits. He stressed 
active learning experiences in class, reducing the time he spent lecturing. In homework assignments he routinely 
augmented traditional formula substitution problems with open-ended questions and problem formulation 
exercises. He used extensive cooperative learning, and tried to get the students to teach one another rather than 
rely on him exclusively. So far, the results of his study suggest that teaching to the full spectrum of learning 
styles improves students' learning, satisfaction with their instruction, and self-confidence. This last study again 
underlines the value of accommodating all/earning styles in a teaching situation. 
4.6. Applying Computer Technology to Enhance Learning Style Based Teaching and 
Learning in the Classroom 
In this section I will provide the reader with ideas on how to apply popular computer programs in ways that are 
friendly to students' learning styles. In section 4.6.1. applications of technology in higher education as 
envisioned by Terry O'Connor oflndiana State University are presented (O'Connor, 1997), and in section 4.6.2. 
a matching of popular computer programs to Gardner's theory of multiple intelligences are provided. These 
applications provide valuable ideas on how to apply computer technology in the classroom and also on how to 
map different types of computer programs on different classifications of students' learning styles as required in 
the development of my learning style based tutoring system. This knowledge will be needed in the next chapter 
where different models of teaching I tutoring and learning are discussed and demonstrated. 
4.6.1. Using Learning Styles to Adapt Technology for Higher Education 
O'Connor (1997) suggested that computer technology could be used in the following three ways in higher 
education: 
1. To supplement traditional instruction; 
2. To organize activities so that students experience the various stages of learning; and 
3. To create learning challenges that are sufficiently complex to engage a full range oflearning styles. 
Regarding supplementing traditional instruction he says: 
"Computerized instruction can provide a rich array of experiences for students outside the classroom (or in a 
learning center). It can be used to supplement traditional instruction or as an alternate approach to a unit. 
The easiest way to provide expanded opportunities through computers is to find basic software programs that 
offer encyclopedic collections, drills, or demonstrations. Student can check these programs out or use them in a 
learning center. While these programs may not be available for certain subjects or may be designed for earlier 
grade levels, they provide chances for students to refresh background knowledge when they are readily 
available. 
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Presentation software, like Powerpoint, can readily add visuals to script and engage both right & left brained 
thinkers during a lecture. These same presentations may provide stand-alone tutorials for students who want to 
go through the material in a self-paced way. By making the conceptual material available in this way, a teacher 
may be able to use classroom time for small group discussion. These programs can be made available through 
'viewer' programs and can even be made available through the World Wide Web. 
Electronic mail can extend discussions beyond the classroom. For students who learn through social exchanges, 
teachers can arrange for listservers or hypermail accounts where students may safely ask questions and share 
ideas. A ready spot for correcting mistakes or confusion, these connections also provide an asynchronous 
gathering place for cooperative learning activities Uoint scavenger hunts for additional course material, for 
example). 
For active experiment type learners, data-base programs offers the capacity to conduct tests that immediately 
illustrate various scenarios. In a similar way, simulation games (such as Sim-City) can be used for concrete 
learners as hands-on sites 
Finally, programmed instruction offers learners who need structure but prefer self- instruction to group work an 
opportunity to engage material successfully. While typically we might consider a comprehensive software 
package like Director to construct such a unit, it is possible to use the hypertext links in either a word-processing 
package (for short units) or a World Wide Web site to organize less sophisticated programs. Another simple set 
of software programs to use for branching programs (with some creative adaptations are needed to hide murder 
and mayhem) can be found in adventure game construction programs where adventure "rooms" become re-
organized as instructional steps." 
Regarding the utilization of computers to "teach and learn around the cycle" O'Connor ( 1997) says: 
"Simulations provide excellent opportunities for teachers to create settings where students are led through 
critical thinking stages. When programs require problem-solving (as many games do) teachers can encourage 
students to try to use different "cognitive stages." This may be especially relevant if students can work on the 
program in teams. 
Guided Instruction allows for students to submit pieces of a project step at a time, allowing for a rich feedback 
interaction between students and the instructor. A program like Textra Connect or LotusNotes allows draft 
essays to be submitted & returned. Additionally, they allow the instructor to post assignments at an appropriate 
rate (while allowing student to dictate their own pace (within broad limits). 
For classes using cooperative groups, teachers can see that distribution lists or bulletin boards or other software 
(such as Textra Connect) provide ready sites for discussions. By monitoring these groups, the instructor can 
introduce timely prompts to redirect the conversation. Posing problems that challenge the status quo, suggesting 
additional information or alternative positions, the teacher help students use each of the learning stages while 
working together." 
Computers also allow teachers the opportunity to create learning challenges that are sufficiently complex to 
engage a full range oflearning styles. O'Connor (1997) says: 
"Because electronic communication is readily available, the chance for students to work with others has been 
greatly extended. Not only can faculty expect students to find classmates who can share ideas about a project, 
they can also contact scholars throughout the world. It is possible to visit sites or join groups where advanced 
scholars share ideas. A student could be expected to post his or her thoughts to one of these individuals or 
groups and receive advice, support, and suggestions from colleagues. It is not uncommon to encounter requests 
from graduate students beginning a project, collecting information, or asking for feedback. Connected to 
projects like this, electronic communication becomes a powerful way to attempt projects that are subject to 
complex responses . 
Because productivity software allows for ease in constructing well-finished products, teachers can set "real-
world" expectations for student products that link the activity to settings outside the university. Writers who 
produce a brochure as a public service can use technology as a tool to demonstrate the benefits of thoughtfully 
studying a subject. 
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Surfmg the Net is only the beginning of awareness for students engaged in a complex project. Analyzing what is 
available and constructing additions and alternatives, designing editorialized centers adds more intellectual skills 
than simple resource gathering (which in itself is a powerful, but not complete, learning stage). As websites 
become more interactive, students can design ongoing research (where visitors participate in responding) or 
informational sites. They can provide public services and moral and intellectual counters to less lofty sites." 
4.6.2. Matching Technology to Intelligence Traits 
Edwards ( 1996) matched different types of computer programs to the various intelligences of Gardner's multiple 
intelligence theory. He first studied the characteristics of seven of Gardner's intelligences and then mapped 
these characteristics on the characteristics of different types of computer programs. He concluded that: 
• The linguistic intelligence may benefit from word processors that allow voice annotations; desktop 
publishing programs; programs with speech output; programs which encourage them to create poetry, 
essays, etc.; multimedia authoring; using videodiscs and barcode programs to create presentations; tape 
recorders; and telecommunications I electronic networking. 
• The logical-mathematical intelligence may benefit from database and spreadsheet programs; problem 
solving software; computer programming software; strategy game formats/simulations; calculators; and 
multimedia authoring programs. 
• The visual-spatial intelligence may benefit from draw and paint programs; reading programs that use visual 
clues such as rebus method or color coding; programs which allow them to see information as maps, charts, 
or diagrams i.e. charting capability of spreadsheet program; multimedia programs; and science pro beware. 
• The musical intelligence may benefit from programs that combine stories with songs; reading programs 
which associate letter/sounds with music; programs which allow them to create their own song; 
constructing presentations using CD audio discs, videodisc player, and barcode program; and sing along 
videodisc programs that display word "karaoke" style. 
• The bodily-kinesthetic intelligence may benefit from software requiring alternate input such as joystick, 
mouse, or touch window; keyboarding and word processing programs; animation programs; programs 
which allow them to move objects around the screen; and science probeware. 
• The interpersonal intelligence may benefit from telecommunications programs; programs which address 
social issues; programs which include group presentation or decision making; games which require two or 
more players; and TV production team approach. 
• The intrapersonal intelligence may benefit from traditional computer assisted instruction; instructional 
games in which the opponent is the computer; programs which encourage self-awareness or build self-
improvement skills; any programs which allow them to work independently; and brainstorming or problem 
solving software. 
5. More Research on the Incorporation of Learning Styles into Teaching 
Systems 
An investigation into the relationship between learning styles and CAl designs revealed that relatively few 
programs are providing for the individual differences in learning that psychologists have long described as 
learning or cognitive styles. The purpose of this section is to provide an overview of what was found (apart 
from the studies already reported on): Subsection 5 .I. summarizes the findings of a few interesting studies; 
subsection 5.2. reports on the very important contribution of Gordon Pask; subsection 5.3 focuses mainly on 
Valerie Shute's research and her macroadaptive approach towards tutoring; subsection 5.4 looks at Arshad's 
SOLA system that gives advice or guidance in study planning (Students On-Line Advisor (SOLA)), and 
subsection 5.5 ends off this section by exploring more attempts to determine the relationships between learning 
styles, media preferences and adaptive education. First, a few extracts from relatively old and unknown 
studies(to illustrate the varied nature of results in the field). 
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5.1. Cognitive Style Constructs and CAl: A Mixed Bag of Research 
Dahl (1985) studied the influence of field dependence I field independence on learning outcomes of drill-and-
practice and simulation CAL He found no main effects nor did he find a field dependency by mode interaction. 
Mullen's (1984) study of field orientation and learning on a drill-tutorial program also showed no relationship to 
performance. 
Post (1985), on the other hand, found that field independent students learned more than field dependent students 
from a specific simulation game. Willard (19&5) also found that field independence served as a reliable 
predictor of success in learning word processing. 
Hamilton ( 1985) examined. the locus of control construct. He compared traditional lectures to computer-based 
instruction, and found neither main effects nor interactions. Wesly (1984), however, found an interaction 
between locus of control and mode of instruction (textual programmed instruction versus tutorial CAl). She 
found that individuals with an external locus of control did better when using CAl than when using the 
programmed text. No difference was found with the internals. 
Baird and Koballa (1986) found an interaction between level of forward reasoning and mode of CAL 
Cordell (1991) investigated the relationship between the characteristic learning styles of assimilators, 
con vergers, divergers and accommodators (classifications of Kolb's LSI) and two CAl design strategies; linear 
and branching. She found that the two learning styles that fall on the reflective observation end of the 
continuum, i.e. the assimilator and the diverger, performed better with branching CAl while the other two 
learning styles that fall on the active experimentation end of the continuum, performed better with the linear 
CAl, i.e. the converger and accommodator. 
Next, we examine very important research that was done by Gordon Pask (the man known for his conversation 
theory) and an application thereof by two other researchers. 
5.2. Pask's Research on Conversational Techniques and Learning Styles 
Gordon Pask used techniques from his conversation theory (Pask, 1976) to carry out a series of interesting 
studies investigating the relationship between CAl and cognitive style. Pask showed that learners attack a 
learning task using a preferred strategy. He defined the holist strategy as a global approach to learning and the 
serialist strategy as a local approach. In the holist strategy the learner first builds broad descriptions and then 
fits in details while in the serialist strategy the learner concentrates on narrow procedures before an overall 
picture emerges. Pask showed that computer-based instruction can be prepared that facilitates learning by one 
mode or the other but that having holists Jearn from serial presentations inhibits their learning just as 
mismatching serialists to holist presentations inhibits their learning. Pask's method for determining the 
preferred strategy of the learner is complex and very time consuming. It is therefore not surprising that his work 
did initially receive so little attention from cognitive style researchers . Fortunately Ford (1985) developed a 
Study Preference Questionnaire that predicts holist and serialist preference quickly and easily. His validation 
study showed that his instrument could predict strategy preference on Pask's tasks 83% of the time. It has 
therefore become much easier to implement Pask's research fmding in CAl systems. 
Rowland and Stuessy (1988) observed that a holist approach appeared to be the best way to learn from 
simulations while a serialist approach seemed to be the best way to learn from tutorials. They consequently 
undertook a study that was designed to answer the following two questions: 
1. What is the effect of mode of CAl (tutorial vs simulation) on achievement and understanding of concept 
relationships? 
2. Does matching holists to simulation and serialists to tutorials increase their performance over 
mismatching holists to tutorials and serialists to simulations? 
The results of their study show that cognitive style does interact with mode of CAl to influence student 
achievement in his field of study. It is clear from their study that learners are more effective when matched to 
the appropriate mode of CAL The study also indicates that this matching also enhances the learner's 
development of concept relationships. The Study Preference Questionnaire of Ford (1985) was used to classify 
students in their study as either serialists or holists . 
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The study also indicates that serialists will have difficulty learning from simulations and holists from tutorials. 
This difficulty could be overcome by preceding a simulation for serialists by more structured learning activities 
and by giving holists an opportunity to see the "big picture" when using a tutorial. 
5.3. Shute's Macroadaptive Approach to Tutoring 
5.3.1. Defining a Macroadaptive Approach 
Shute (1995) explains the difference between the traditional micro- and her macroadaptive approach towards 
tutoring as follows: 
The standard approach to building a student model involves representing emerging knowledge and skills of the 
learner. When the computer responds to updated observations with a modified curriculum that is minutely 
adjusted, this is called microadaptive modeling. Instruction in this approach is very much dependent on 
individual response histories during tutoring sessions. Microadptive modeling focuses primarily on student 
knowledge that is specific to the task domain, although some more general problem-solving and learning 
strategies may be modeled. 
The rnacroadaptive approach, on the other hand, involves assessing a students' knowledge and skill prior to their 
use of the tutor, and focuses mainly on general, long-term aptitudes such as working-memory capacity, 
associative learning ability and impulsivity. This incoming knowledge is, according to Shute (1995), regarded 
by many as the most important determinant of subsequent learning. This information can then be used by the 
tutor to select the best learning environment for a particular student. The rnacoradptive approach involves the 
use of ATI (aptitude-treatment interactions) methodologies. 
5.3.2. Aptitude Treatment Interaction 
Some learners benefit from instruction provided one way while others learn more if instructed a different way. 
Such relationships between tutor and student are called aptitude-treatment interactions (A TI). Aptitude is 
defmed in the broadest sense as a person's incoming knowledge, skills and even personality traits, and treatment 
refers to the condition or environment that supports learning. The goal of A TI research is to provide 
information about learner characteristics that can be used to select the best learning environment for a particular 
student in order to optimize outcome. A number of studies has been undertaken recently that involves the usage 
of ATI methodologies within computer-based educational environments. 
5.3.3. Examples of the Macroadaptive Approach 
Support and justification for the usage of a rnacroadaptive approach to cognitive diagnosis are provided by the 
following case studies. It also provides some information about which learning environments are more suitable 
for which learners. 
Shute (l993a,b) utilized a macroadaptive approach towards tutoring in an intelligent tutoring system that 
provides instruction in the basic principles of electricity. Aptitude and learning-style data were collected from 
more than 350 students who were randomly assigned to one of two learning environments: 
• Rule induction (requiring the induction of principles); and 
• Rule application (requiring the application of principles provided to the learner) . 
Results showed that: 
• When the learning outcome being assessed was declarative knowledge, subjects with high measures of 
associative learning skills acquired significantly more knowledge from the tutor if they had been assigned 
to the rule-induction environment. Subjects with low measures of associative learning skills, on the other 
hand, learned significantly more if they had been assigned to the rule-application environment. 
• When the learning outcome was procedural skill acquisition, subjects with high associative learning skills 
developed significantly more skill if they had been assigned to the rule-application environment compared 
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to the rule-induction environment. Subjects with low measures of associative learning skills performed 
poorly overall on the more difficult procedural skills tests. 
• Subjects demonstrating exploratory behaviors performed significantly better on all outcome measures if 
they had been assigned to the rule-induction environment, and less exploratory learners acquired 
significantly more knowledge and skills from the rule-application environment. 
Snow (1989) reports a study that contrasted two learning conditions, namely a well-structured filmed 
presentation of physics problems and an ill-structured, live demonstration of the same physics problems. 
Although it does not involve computers, it gives us a number of indicators to consider when designing new 
learning environments. Snow found that individuals with low knowledge and high aptitude showed better 
learning from the open-ended live presentation than from the more structured film presentation. Subjects with 
high knowledge and low aptitude, on the other hand, performed better under the structured condition than the 
live condition. 
Shute ( 1993c) conducted a large scale study within which she utilized an intelligent tutoring system for 
instruction of flight engineering knowledge and skill to investigate the relationships between the aptitudes of 
working memory capacity and general knowledge and different learning environments I treatments. These 
learning environments or treatments consisted, in this case, of an extended problem set (many problems per 
problem set) and a constrained problem set (few problems per problem set). 
The results of her study show that individuals with low incoming knowledge but high working memory 
capacities profited from the extra practice offered by the extended environment. Individuals with a high 
incoming knowledge and a low memory capacity, on the other hand, were better off learning from the 
constrained environment. For the others learning environment did not influence outcome. 
Other general information about the student's learning was also studied, namely acquisition and retention. 
Acquisition measures how fast students learn new topics, and retention measures how well they recall the 
material over time. Research suggests that examining acquisition and retention can be beneficial for student 
modeling. Work with the LISP tutor (Andersen & Reiser, 1985) and with Stat Lady (Shute, 1995) indicates that 
general factors extracted from student learning data are predictive of overall learning and allow for a more 
accurate response to the idiosyncrasies of the student. 
Shute's work on macroadaptive tutoring strategies promotes learning improvements by determining optimal 
matches between aptitude profiles and learning environments. 
Shute's research results are used in the Basic Flight Instruction Tutoring System (BFITS) of the United Air 
Force, and in the areas of computer programming and the teaching of basic electricity. New research involving 
other learning abilities is currently being undertaken and the results thereof will be integrated within intelligent 
tutoring environments like BFITS. 
5.4. Students On-Line Advisor (SOLA) from Arsbad and Kelleher 
Arshad and Kelleher (1993) developed an advisory system that provides students attempting to complete a 
course of study with help on what should be learned, on how it should be learned and on when it should be 
learned. It is called SOLA, and stands for Students On-Line Advisor. SOLA adapts its advice to the learning 
style of its user. A brief outline of SOLA and specifically how learning styles are incorporated are provided 
below. 
Study advice in SOLA involves a process of determining a set of appropriate study topics for a student and 
deciding on the appropriate teaching materials for the topics. Student variables within a student model are used 
to tailor the plan of study by interacting with the process that determines which topics and what kind of teaching 
I learning materials are selected. SOLA uses information about the domain, the teaching material and about the 
student. We are only interested in the connection between SOLA and the incorporation of learning style based 
teaching and -advice there within. 
The range of possible teaching materials in SOLA is very wide, including lectures, books, computer-based 
learning, experimentation and so on. Different teaching material can be used to learn about the same topic but, 
in general, some materials are better suited to learning particular types of information or better suit the students 
preferred manner of learning (or available time and motivation) than others. Expository learning can, for 
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example, be engendered by textual information but may also be supported by test-teach computer-based 
modules . Alternatively illustrations may be given in directed or exploratory forms. Deciding which is most 
appropriate for a student depends on the needs of the student (e.g. depth of learning required or learning style), 
the nature of the information, other topics to be learned and student knowledge. 
The student model in SOLA keeps a profile of its user. It is set up on initial interaction with the student. This 
profile of the student consists of a set of variables describing the student in terms of his background knowledge, 
his learning style, the relevance of the course to his degree, the time he has available in which to learn and his 
motivational levels. In order to account for and accommodate the learner's study habits or predisposition for 
particular types of learning strategy use is made of Pask's classification of learners as either serialists or holists. 
This is determined by requesting the student to indicate his level of confidence, degree of support required (e.g. 
directed or exploratory) and whether he wants passive or active learning methods. 
Low confidence and a strong preference for directed support is taken to be indicative of a serialist learner, 
wishing for small step-by-step learning goals; whilst high confidence, less directed support is taken to indicate 
that the learner is a holist and would prefer access to several topics and active, exploratory materials. 
SOLA utilizes its student model to ensure that particular styles of study plans are generated for specific types of 
learners. SOLA uses the student profile data in its student model on an individual student's study style (serialist 
I holist), confidence, background and relative time allocation for study to determine suitable types of study plan 
for him. 
In total eight types ofwork schemes are available to SOLA to choose from. Examples of a IF-THEN rules that 
determine which working scheme should be recommended to an individual learner, are 
IF the learner's confidence level is low 
AND the learner is a serialist 
AND the relative time commitment is low 
THEN recommend the usage of work scheme 4. 
IF the learner's confidence level is high 
AND the learner is a holist 
AND the relative time commitment is low 
THEN recommend the usage of work scheme 7. 
Providing advice of this sort is becoming increasingly important as the range of educational materials available 
to the student continues to increase and the need for independent co-ordination of study becomes common. 
Advisory systems such as SOLA are valuable in circumstances where learners are expected to control their own 
learning as not all learners are capable of successfully managing their study time. 
Arshad and Kelleher (1993) are working on a project within which they are integrating SOLA in a multimedia 
environment in order to provide the necessary technology to integrate the media available over the topics to be 
communicated. SOLA are used for relating the different media in a manner that is helpful in facilitating 
understanding. 
SOLA's influence on and relationship with my own research will be spelled out in section 6 (and later in the 
chapter hereafter). 
5.5. More Research on Learning Styles, Media Preferences and Adaptive Education 
(With Special Reference to Hypermedia Assisted Instruction) 
It is also plausible that learning style is a relevant factor in hypermedia instruction Audris and Stueber (1995) 
undertook a project to study student navigational patterns in a hypermedia geology lab simulation and their 
relationship to learning style. Ayersman (1993) reviewed the theoretical background of learning styles and of 
the research relating mode of computer-assisted instruction (CAl) or hypermedia-assisted instruction (HAl) to 
learning style. He cites several studies which show a relationship between the use of hypermedia and improved 
instruction. Lui ( 1992) even showed that hypermedia instruction resulted in uniformly significant pretest to 
posttest gains in language performance regardless of learning style scores as measured by Witkin's Group 
Embedded Figures Test. Frey and Simonson ( 1990) have studied the relationship of cognitive style, perceptual 
modes, anxiety, attitude and achievement in a hypermedia lesson. 
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Ayersman (1993) cites quite a few studies which have investigated the relationship between learning from CAl 
and HAl and measures of learning style. He states that two themes which have emerged from the CAl research 
are 
1. a recurring confirmation of a relationship between learning styles and computer instruction, and 
2. that matching or mismatching modes of CAl has a positive or negative effect. 
All of the studies he cites use performance achievement as the dependent variable and various measures of 
learning style and sometimes type of CAl instruction as independent variables (Cordell, 1991); (Havita and 
Reingold, 1987); (Martini, 1986); (Riding, Buckle, Thompson, & Hagger ,1989); and (Rowland & Stuessy, 
1988). In addition, he cites two studies of the relationship between learning style and HAL Overbaugh found 
no significant difference iri achievement using a hypermedia program for either visual or auditory sensory 
modality as measured on the Barbe and Malone inventory (Andris & Stueber, 1995). In Lui's (1992) study, HAl 
was used to instruct second language learning (English). Participants were identified as field dependent or field 
independent on Witkin's GEFT Test. Improved achievement was uniform for each learning style. 
Brickell (1993) also cites a number of studies that investigated the link between learning style and the effective 
application of computer assisted learning to learners' achievement. She found that there were some 
disagreement between the researchers of the studies she investigated. 
She states that despite many years of study, there are no adequate learning theories upon which to base the 
design of multimedia systems (Wright, 1989). The idea, as Merrill (1991) has proposed, is that students will 
make their own decisions throughout the program so as to match their own learning styles, personalities, or 
other relevant traits (Williams, 1993). Instructional design theories largely remain to be tested empirically, and 
none of the theories proposed to date have proved to be universally adequate (Stanton & Stammers, 1990). 
She continues by citing others who suggest that learning style can play an important role in how fast and how 
well overall learning will occur when navigating in a hypertext environment (Stanton & Baber, 1992; Williams, 
1992; Bartolome, 1993; Beasley & Villa, 1992; Dunn, Beaudry & Klavas, 1989). 
Brikell (1993) concludes by stating that existing research suggests that the development of computer based 
instructional programs should take into account both 
• students' learning style(s), "Teachers should be encouraged to assess learning styles of their students in 
order to design instructional strategies for optimal learning" (Lee, 1992) and 
• clear navigational aids, "... learners should not be so distracted by the medium that they are unable to 
concentrate on the material to be learnt" (Stanton & Baber, 1992). 
Student models in traditional computer-based instructional programs used information about coverage of subject 
material, and numbers of and types of errors, to control the order of presentation and difficulty levels of 
subsequent instructional material. Danielson ( 1997) designed a Web-based instructional system and is of the 
opinion that it must also include information about student learning style and media preferences to optimally 
adapt multimedia materials to the student. Danielson says that because this knowledge is difficult to capture in 
transient Web contacts, it should be captured and made available by the browser. 
From the above it is clear that learning styles have been incorporated I investigated in a wide range of teaching 
scenarios: From traditional classroom instruction and intelligent tutoring systems to hypermedia assisted 
instruction and web based tutoring systems. It is also used by Warren and Li (1999) in the development of an 
intelligent authoring shell (lAS) for adaptive tutoring systems. 
For a tutoring system to be intelligent, it must be able to react (teach) continuously according to a student's 
learning. Most tutoring systems try to use a single teaching method but with various levels of 
explanations/examples/disclosure of domain materials to react to different student's learning. However, a teacher 
in practice will use more than one teaching method (lecturing, collaboration, exploring ... etc.) in teaching a 
subject according to the type of domain knowledge. Some teachers will even switch from one method to another 
method for the same domain material when students have different learning styles. Therefore, in order to be 
intelligent and effective in teaching, a tutoring system must be able to provide multiple teaching methods. 
Warren and Li's lAS tries to achieve exactly this. Additionally it tries to reduce a teacher's effort in authoring 
tutoring systems that provide multiple teaching methods. 
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In this section I will try to briefly spell out the role of learning style models within my conceptual framework 
(details can be found in the next two chapters) and provide a logical link to these next two chapters. The 
relationship between the learning style models outlined in sections 2 to 5 and my conceptual framework will 
also be discussed. A special attempt will be made to answer the following questions: 
• How do these models (described in sections 2 to 5) support my approach? 
• How are my approach different? What is new in my approach? 
• How does my approach support the main goals and objectives of my study? 
• How can my approach be used to improve the quality of teaching and learning, both in the traditional 
classroom and within a tutoring environment? 
• Why have I chosen to implement more than one of the models of teaching and learning discussed earlier in 
the chapter? 
6.1. The Role of Computerized Learning Style Models within My Conceptual 
Framework 
The following nine learning style inventories (LSI's) were computerized: 
• Dunn et al's LSI (Brooks, 1990); 
• Kolb's LSI (Kolb, Rubin & Mcintyre, 1984); 
• A MBTI Test (Benfari & Knox, 1991); 
• The Visualizer-Verbalizer Questionnaire (Kirby & Moore, 1988); 
• A study preference guide that distinguishes between sequential and global preferences (Ford, 1985); 
• LaHaye's Temperament Test (LaHaye, 1984); 
• Neethling's Brain Profile Test (Neethling & Rutherford, 1996); 
• A Multiple Intelligence Quiz (Rose & Nicholl, 1997); and 
• Felder and Soloman's Index of Learning Styles (Felder, 1996). 
CAMP FILE 2005 administers these LSI's within my conceptual framework. The student's input to these 
inventories is used to classify him and then provides him with information about his classification. In the 
process the student gets the opportunity to not only learn about his favorite learning style and its associated 
elements (see appendix 6), but also to learn about problem solving, personalities, temperaments, left- and right 
brain preferences and Gardner's theory of multiple intelligences. These computerized LSI's can be used 
independently and can consequently play a valuable role in any learning environment (computer-based, 
traditional classroom, home schooling, etc .). 
Five hypermedia teaching and learning assistants that implement five different models of teaching and learning , 
based on Kolb's problem solving styles, MBTI type personalities, Felder and Silverman's model for engineering 
education, left- and right brain preferences and Gardner's theory of multiple intelligences, respectively, were 
developed (A complete description of these systems and their development will be provided in the next two 
chapters) . These teaching and learning assistants provide advice to tutors (humans or computers) on how to 
adapt the presentation of the course material so that it is most conductive to each student learning the course 
material. 
Teachers can use these assistants to ensure that they include a wide variety of learning elements in their 
presentations in order to accommodate as many students as possible (it will help them to "teach around the 
cycle"); human teaching assistants can use it to individualize their one-on-one tutoring sessions, and intelligent 
tutoring systems can use it to individualize their tutoring and tailor its presentation of the course material to each 
student. Exactly how GEORGE accomplishes this for the tutoring of linear programming topics is explained in 
the next two chapters. The chapter immediately hereafter describes how these assistants are built and how some 
of the research results reported in this chapter are used in this process. In the chapter thereafter I will investigate 
how techniques from the field of artificial intelligence, and more specifically, from the field of fuzzy logic, can 
be used to improve these models and to make them more "human-like" (with reference to their adaptability to 
the needs and preferences of its students). 
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6.2. Why Implement More than One Model of Teaching and Learning? Which Model 
is the Best? 
At this stage it would be very natural for the reader to ask "Why implement more than one model of teaching 
and learning?" . The answer is very simple: By implementing more than one model of teaching and learning we 
are exploring more subjects and skills within CAMP FILE 2005's curriculum for the 21 st century. It also 
enables the tutor (human or computer) to use different strategies to adapt its tutoring to the student's learning 
style. 
Remember that this artificial mentor and -psychologist has as its purpose the inclusion of the following topics in 
its curriculum: 
• Learning how-to-learn and learning how-to-teach (addressed by the five assistants) ; 
• Learning how-to-think and how-to-be-creative (addressed by the De Bono Brain Gym); 
• Emotional education; 
• Personal growth; 
• Citizenship- and life skills; 
• A content curriculum with integrated themes; and 
• Community development. 
By implementing these five teaching and learning assistants the tutor (human or computer) not only gets various 
tools to adapt its tutoring to the needs and preferences of its students, but also gets a way of teaching its students 
about problem solving (Kolb), temperaments (LaHaye); personalities (MBTI), left- and right brain preferences 
(Neethling), multiple intelligences (Gardner) and on how-to-learn and how-to-teach - all essential skills for the 
21 st century and an integral part of CAMP FILE 2005's curriculum. 
A second question that results from the first one, is "Which of these models are the best?". Again the answer is 
very simple and is provided by Felder (1996). Felder says that a learning style model is useful if balancing 
instruction on each of the model's dimensions meets the learning needs of essentially all students in a class. The 
five models that were chosen for the teaching and learning assistants within my framework all satisfy this 
criterion. Which model an educator or computer tutor chooses, is, according to Felder (1996), almost 
immaterial, since the instructional approaches that teach "around the cycle" for each of the models are 
essentially the same. Felder expands: "Whether educators are designing a course or curriculum, writing a 
textbook, developing instructional software, forming cooperative learning teams, or helping students develop 
interpersonal, leadership, and communication skills, they will benefit from using any of these models as the 
basis of their efforts.". 
6.3. How does Sections 4 and 5 Support and Complement My Approach? 
Section 4 reported on actual applications of the learning style- and teaching and learning models (especially 
those introduced in section 2). Examples of both traditional and computer-based systems are provided. 
Applications of the Myers-Briggs Type Indicator, the Kolb model, the Herrmann Brain Dominance Instrument, 
the Felder-Silverman model and Howard Gardner's theory of multiple intelligences are mentioned. These 
success stories, mostly within traditional classroom settings, but also in hypermedia systems (Montgomery, 
1995), (Carver, 1996) support my claim that a learning style based approach towards teaching (and tutoring 
within a computer-based tutoring environment, for that matter) can make a difference, does make sense and has 
a positive effect on students and their performance. It also justifies the development of my five teaching and 
learning assistants. I believe that my approach will also make a difference and a contribute constructively to the 
development of a learning style based approach within tutoring environments. Montgomery and Carver's work, 
summarized in Felder (1996), within hypermedia environments are proof that these models could be 
successfully implemented within computer-based environments. Felder (1996) also confirms this (see section 
6.2). 
The subsections of section 4 devoted to showing how popular computer programs could be integrated within the 
curriculum in ways that are friendly to students' learning styles and to showing how different types of computer 
programs could be matched to the various intelligences of Gardner's multiple intelligence theory, contain 
important hints that we should keep in mind when designing my so-called teaching and learning assistants . 
These hints are used in the next chapter when we match a specific learning style characteristic to one of my 
presentation elements. 
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Section 5 provides further and specific support for my belief that my teaching and learning assistants will also 
be successful within computer-based tutoring environments. Ayersman's (1993) observation of two main 
themes which have emerged from CAl and learning style research basically summarizes the "big idea" of 
section 5. These two themes are (as reported in section 5.5): 
• A recurring confirmation of a relationship between learning styles and computer instruction and 
• that matching and mismatching modes of CAl has a positive or negative effect. 
The research ofPask, Shute and most of the others mentioned in section 5 support this. Their research findings 
also provides us with information on which learning preferences to match with which presentation elements. 
Rowland and Stuessy (1988), for example, found that the holists prefer simulations and serialists prefer step-by-
step tutorials . These relationships are also at the heart of aptitude treatment interaction which says that some 
learners benefit from instruction provided one way while others learn more if instructed a different way. 
Arshad and Kelleher's (1993) SOLA, apart from supporting my belief that my teaching and learning assistants 
could be integrated successfully within a computerized tutor, also promotes the modeling of the student's 
motivational state: The presentation elements that are recommended by SOLA to deliver the course material not 
only depends on the student's learning style, but also on his confidence level and time commitment. In a later 
chapter I will explain how my teaching and learning assistants interact with a domain- and motivational-based 
planner (Del Soldato & Du Boulay, 1995) and how GEORGE, like SOLA, constructs a tutoring strategy that is 
not only dependent on the student's learning style but also on its motivational state. 
6.4. How are My Approach Different from Other Learning Style Based Approaches? 
The proposed teaching and learning assistants are in some ways similar to existing systems but in many ways 
different and unique. 
The teaching and learning assistant that is based on Felder and Soloman's Index of Learning Styles is based on 
the same principles as the work ofMontgomery (1995) and Carver (1996), and all five assistants also constructs 
a tutoring strategy for a specific student, just like Arshad and Kelleher's (1993) SOLA does in constructing an 
individualized study plan for each student. The way in which these strategies are constructed within my 
teaching and learning assistants, however, differ considerably from their approach. 
More ways on how my approach are different and unique, in my opinion, are listed below. 
The five teaching and learning assistants are very versatile in the sense that they can be used within the 
traditional classroom as well as within tutoring systems. Within the classroom they can encourage teachers to 
"teach around the cycle" and learn students how-to-learn and teachers how-to-teach. Within tutoring 
environments they can assist the tutor in constructing a suitable tutoring strategy for a specific student, 
individualizing his instruction in the process. I believe that this versatility in itself makes it pretty unique. The 
fact that any one of five teaching and learning assistants could be used by the tutor to construct an individualized 
tutoring strategy also makes my approach different from any other I have encountered thus far. 
The proposed learning style based tutor is the only one in its class (macroadapting its tutoring strategies to a 
comprehensive learning style), at least as far as I could determine (after I have undertaken a thorough literature 
study) that has as its application area a topic from Operations Research. In that sense this research does some 
groundbreaking work. Since LP is part of many engineering courses and since its structure is very similar to 
many other engineering subjects, my approach could also mean quite a lot to engineering education in general. 
My approach is also the most comprehensive learning style modeling exercise I have encountered. It is further 
unique in the sense that it is integrated within a complete framework for an intelligent tutoring environment and 
because it interacts with a domain- and motivational planner. I have not seen this in any of the systems I have 
evaluated during my literature study. 
My approach is unique in at least two very important more ways: It is the first computer-based tutoring 
environment that can (can, because of the existence of four other assistants) be based upon Gardner's theory of 
multiple intelligences and that can adapt its tutoring strategies according to a student's intelligence traits. It is 
also the first that implements a so-called curriculum for the 21 st century and that can be used to teach both the 
Stellenbosch University  https://scholar.sun.ac.za
130 
subject topic and other important skills like learning how-to-learn and learning how-to-teach. This characteristic 
has already been explained more broadly in previous sections. 
6.5. What Contribution Can be Made to the Improvement of the Quality of Teaching 
and Learning? 
The quality of teaching, both within a traditional classroom setting and within computer-based tutorials, is 
influenced negatively by the fact that teachers I tutors tend to teach in ways which favor their own learning 
styles I those who designed the tutorial and not those of their students (Felder, 1993). The fact that most of them 
are totally unaware of this mismatch does not help either. Even those who suspect that this mismatch could be a 
reason for their students' poor performance, do not know how to fix this problem. 
This is exactly here where my five teaching and learning assistants comes into the picture and could be used 
very effectively to teach teachers how to teach (one of the essentials skills for the 21st century). They could be 
distributed via the internet to thousands of teachers learning them to "teach around the cycle" and match their 
teaching styles with the learning styles of their students. Computer-based tutorials could also benefit by 
utilizing these teaching and learning assistants to determine their tutoring strategies. The overall quality of 
teaching will improve as a result of this. 
This is especially true for science and engineering courses, as Felder (1993) points out. 
"The mismatches between the prevailing teaching style in most science courses and the learning styles of most 
of the students have several serious consequences. Students who experience them feel as though they are being 
addressed in an unfamiliar foreign language: they tend to get lower grades than students whose learning styles 
are better matched to the instructor's teaching style and are less likely to develop an interest in the course 
material. If the mismatches are extreme, the students are apt to lose interest in science altogether and be among 
the more than 200,000 who switch to other fields each year after their first college science courses. Professors 
confronted by inattentive classes and poor student performance may become hostile toward the students (which 
aggravates the situation) or discouraged about their professional competence. Most seriously, society loses 
potentially excellent scientists. 
These problems could be minimized and the quality of science education significantly enhanced if instructors 
modified their teaching styles to accommodate the learning styles of all the students in their classes." 
The five teaching and learning assistants should also make a positive contribution to combating the high attrition 
rates in science and engineering and should produce the same kind of results as was described in section 3 on 
the value oflearning style based teaching. 
6.6. How are the Goals of My Study Supported? 
This chapter introduced the reader to the learning style concept and a number of learning style inventories, it 
provided an overview of the application of various learning style models within both traditional classroom and 
within computer-based educational settings, it stressed the importance and value of a learning style based 
approach and it introduced the reader to the way I think learning style and teaching and learning models should 
be incorporated into teaching systems (compare with goal 1 of section 1.2). 
The five teaching and learning assistants that were introduced in section 6.1 and that will be explained and 
demonstrated in the next two chapters are, as was already mentioned, usable both within traditional classroom 
settings and within computer-based tutorials. Within both these environments they could be utilized to teach 
students about learning styles and on how-to-learn, and within traditional settings it can also be used to teach 
teachers how-to-teach, to "teach around the cycle: and to accommodate the learning style preferences of all its 
students. Within computer-based tutors these assistants can provide the tutor with advice on which tutoring 
strategy to follow in order to individualize a student's instruction and to accommodate his learning style 
preferences (compare goals 2 and 4 of section 1.2). 
A number of learning style inventories were computerized and incorporated within CAMP FILE 2005 (section 
6.1) and five hypermedia teaching and learning assistants were developed. These developments , which will be 
expanded upon in the next two chapters, addresses goal 3 of section 1.2., namely "to develop computerized 
modules that demonstrate the most important techniques discussed and developed in this document" . 
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Section 6.5 attempted to describe how goal 5 of section 1.2 "To provide novel ways on how to use technology to 
improve the quality of engineering- and more specifically LP education" is addressed. 
In the next chapter I will describe the inner-workings of the five teaching and learning assistants, demonstrate 
how they can be used to individualize instruction according to a student's learning style preferences, show how 
they can be used to teach students how-to-learn and teachers how-to-teach, and highlight shortcomings of my 
first attempt to build these teaching and learning assistants. In the chapter thereafter I will describe and 
demonstrate how fuzzy technology can be used to improve them so that they better model a human teacher's 
decisions regarding individualization. 
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Chapter 7 
Teaching I Tutoring- and Learning Assistants within a Learning Style-
and Computer Based Tutor 
1. Introduction 
1.1. Goal and Layout of the Chapter 
A number of learning style models and their applications were introduced in the previous chapter. The goal of this 
chapter is to further expand on five of them and to formulate five models of teaching and learning that can be used 
both within traditional classrooms and within computer-based learning environments. The models make use of, or 
are based on, Kolb's LSI. a MBTI test, Neethling's Brain Profile test, Felder and Soloman's index of learning styles, 
Gardner's theory of multiple intelligences, and a V AK (visual, auditory and kinesthetic) LSI. The following seven 
computer-based teaching I tutoring and learning assistants were developed to implement these models: 
1. A teaching I tutoring- and learning assistant based on Kolb's Problem Solving Styles (section 2) 
2. A teaching I tutoring- and learning assistant based on Personality Types (section 3); 
3. A teaching I tutoring- and learning assistant based on Neethling's Left- and Right Brain Preferences (section 4); 
4. A teaching I tutoring and learning assistant based on V AK (visual, auditory and kinesthetic) preferences.(section 
5); 
5. A teaching I tutoring and learning assistant based on Gardner's theory of multiple intelligences (section 5); 
6. Two teaching I tutoring and learning assistants based on Felder and Silverman's model of teaching and learning-
one based on the results of Kolb's LSI, a MBTI test, La Haye's temperament test, the visualizer-verbalizer 
questionnaire and the study preference questionnaire, and the other based on Felder and Soloman's index of 
learning styles (section 6). 
The procedure behind each of these assistants will be sketched, an illustrative example of each will be given and a 
demonstration session of each in action will be provided. Screen captures from the actual implementations will be 
listed. 
A theory for a general learning style based approach towards tutoring evolved from the implementation of these 
seven assistants and is sketched and illustrated in section 7. Plus, minus and interesting points about this theory and 
the seven teaching I tutoring and learning assistants are provided in section 8. This chapter's contribution to the 
fulfillment of the goals of the study is also outlined in section 8. 
The reader should, while reading through this chapter, keep in mind that it tries to address the following goals of this 
study: 
a) To construct a general framework for the development of intelligent, computer-based educational software for 
topics from Operations Research; 
b) To incorporate learning style and teaching and learning models into teaching systems; 
c) To construct a student model that could be transferred to other systems and domains; 
d) To integrate within the curriculum of the tutor elements on how-to-think, how-to-learn, and how-to-teach (three 
essential skills of the 21 st century); 
e) To develop computerized modules that demonstrate the most important techniques discussed and developed in 
this document; 
f) To develop a series of independent modules that could be used to improve the quality of traditional classroom 
instruction and that could be integrated within newly created computerized tutoring environments; and 
g) To provide novel ways on how to use technology to improve the quality of engineering- and more specifically 
LP education. 
Stellenbosch University  https://scholar.sun.ac.za
133 
1.2. Helpful Comments for the Reader 
The reader will notice that this chapter is in essence a report on how five models of teaching and learning are 
implemented and on how these models can be used to individualize instruction. A repeating sequence of procedures, 
enlightening examples and action shots is used in a build up to section 7 - the section within which a general learning 
style based approach towards tutoring is sketched. 
The various models of teaching and learning are described in the same order as in which they were introduced in the 
previous chapter. Their order does not reflect the chronological history of their development. The reader will notice 
that two approaches to the implementation of Felder and Silverman's model are sketched. The first one was 
implemented before the index of learning styles, on which the second approach is based upon, was published (as far 
as the author could establish). 
Three of the five models, namely the ones based on Kolb's problem solving styles, personality types and left- and 
right brain preferences, are straightforward to understand intuitively and are not expanded upon too much. The other 
two, Felder and Silverman's model and the M.A.S. T.E.R method, within which the assistants that are based on 
VAK preferences and Gardner's theory of multiple intelligences are contained, are described in detail. 
1.3. A List of Presentation Elements 
The procedure behind each of the teaching I tutoring and learning assistants basically works like this: First 
determine the student's learning style, then associate specific presentation elements with the different dimensions of 
the learning style, and fmally construct an individualized tutoring strategy from these presentation elements. The 
following list of presentation elements is common to these assistants and procedures, and is therefore provided here, 
and not within each description below. 
List of Elements 
A point-and-query interface based on QUEST model; computerized adaptive testing; computerized problem solver I 
spreadsheets I environment for calculations; generic questioning; mind map presentation; facility to build mind maps; 
explanations; flowcharts; step charts; monitoring systems; interactive advisors; step-by-step tutorials; examples; 
demonstrations; diagrams; theoretical readings; drill-and-practice exercises; ask stimulating questions; descriptions; 
pseudo-code for procedure to follow to accomplish task; navigation facility; practical readings; cooperative learning 
activities; teaching games; case studies; opportunity to reflect/think; artificial psychologist: motivation; artificial 
psychologist: study Habits; artificial psychologist: goal setting; artificial psychologist: emotions; artificial 
psychologist: procrastination; word processor I journalizing; animation I graphics; software supporting role playing I 
also music; and WWW exploration of LP. 
The majority of these elements was described in chapter 5 (electronic performance support systems) - the rest is self-
descriptive and is not explained further. 
2. A Teaching I Tutoring- and Learning Assistant Based on Kolb's Problem 
Solving Styles 
2.1. Kolb's Model of Teaching and Learning 
Kolb's LSI was sketched in section 2.2.2 of chapter 6. Section 2 of appendix 6 contains information on the various 
modes (CE, RO, AC and AE), the four classifications (converger, diverger, assimilator, accommodator) and the 
learning and teaching elements associated with each. A model of teaching and learning that is based on Kolb's LSI 
basically works like this: First determine the student's learning style (classification and two associated modes), then 
associate specific presentation elements with the different modes and classification, and fmally construct an 
individualized tutoring strategy from these presentation elements. The following section provides such a procedure, 
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the section thereafter illustrates this procedure, and section 2.4 provides a demonstration of how this procedure was 
incorporated in a teaching/tutoring and learning assistant that is based on Kolb's LSI. 
2.2. A Procedure to Determine a Teaching I Tutoring Strategy 
The 35 presentation elements listed in section 1.3 are used in this procedure. Some of them are defmed as capable 
presentation elements - this means that they are able to present a complete lesson on a specific topic. Examples 
include theoretical readings, step-by-step tutorials and mind map presentations. Presentation elements not capable of 
presenting a complete lesson include diagrams, flowcharts and descriptions. The following procedure is followed in 
determining a tutoring strategy: 
a) Obtain a description of the student's learning style by administering Kolb's learning style inventory. 
b) Associate presentation elements with the various modes (CE, RO, AC, AE) ofKolb's model. 
A thorough study of the various modes (CE, RO, AC, AE) and classifications (converger, diverger, assimilator, 
accomrnodator) ofKolb's model and a proper understanding of the functions of each presentation element within 





A Point-and-Query Interface based on QUEST model; Computerized Problem 
Solver I Spreadsheets I Environment for calculations; Mind Map Presentation; 
Facility to Build Mind Maps; Flowcharts; Step Charts; Examples; 
Demonstrations; Diagrams; Drill-and-practice exercises; Ask Stimulating 
Questions; Pseudo-code for procedure to follow to accomplish task; Practical 
Readings; Cooperative Learning Activities; Animation I graphics; WWW 
Exploration of LP. 
Explanations; Flowcharts; Step Charts; Monitoring Systems; Step-by-step 
tutorials; Diagrams; Theoretical Readings; Ask Stimulating Questions; 
Descriptions; Pseudo-code for procedure to follow to accomplish task; 
Navigation facility; Practical Readings; Opportunity to reflect/think; Word 
Processor I Journaling; Animation I graphics. 
Explanations; Flowcharts; Step Charts; Step-by-step tutorials; Diagrams; 
Theoretical Readings; Ask Stimulating Questions; Descriptions; Pseudo-code 
for procedure to follow to accomplish task; Case Studies; Opportunity to 
reflect/think; Animation I graphics. 
A Point-and-Query Interface based on QUEST model. ; Computeriz!!d Problem 
Solver I Spreadsheets I Environment for calculations; Facility to Build Mind 
Maps; Flowcharts; Step Charts; Interactive Advisors; Examples; 
Demonstrations; Diagrams; Drill-and-practice exercises; Pseudo-code for 
procedure to follow to accomplish task; Practical Readings; Cooperative 
Learning Activities; Teaching Games; Case Studies; Animation I graphics; 
Software supporting role playing I also music; WWW Exploration ofLP. 
c) Identify the presentation elements from the lists in (b) that are preferred by the student, i.e. select all those 
presentation elements that are associated with the student's learning style, as was determined in (a) above. 
d) Obtain a description of the student's temperament by administering La Haye's temperament test. The results of 
this test will be used to select presentation elements which will accommodate the student's psychological needs. 
e) Associate presentation elements from the Artificial Psychologist with the various temperaments. 
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A thorough study of the various temperaments and a proper understanding of the functions of each presentation 
element from the artificial psychologist, guided me in making the following associations between temperaments 





Motivation; Goal Setting. 
Study Habits ; Goal Setting; Emotions. 
Goal Setting; Emotions. 
Motivation; Goal Setting; Procrastination. 
f) Identify the presentation . elements from the lists in (e) that are preferred by the student, i.e. select all those 
presentation elements that are associated with the student's temperament, as was determined in (d) above. 
g) Identify the capable presentation elements which are part of the list of presentation elements that was compiled 
in step (c) . Select any one of them at random and include it in the student's tutoring strategy. 
h) Include the "generic questioning" and the "computerized adaptive testing" presentation elements as essential 
elements within the proposed tutoring strategy. 
i) Randomly select five presentation elements from the list compiled in (c), and include them in the tutoring 
strategy under the heading "Other Presentation Elements" . 
j) Randomly select two presentation elements from the list compiled in (f), and recommend that they be included 
in the tutoring strategy. Place them under the heading "Elements from the Artificial Psychologist". 
k) List the remaining presentation elements among the top ten from the list compiled in (f) that have not been used 
thus far, and include them under the heading "More Highly Rated Presentation Elements". 
The next section is used to illustrate this procedure. 
2.3. The Assistant in Action - An Example Session Behind the Scenes 
Description of the student 
A hypothetical student took Kolb's LSI. (S)he was classified as a converger. (S)he therefore relies primarily on the 
abstract conceptualization (AC) and active experimentation (AE) modes (step a) . The student also took La Haye's 
temperament test. (S)he was classified as a SanPhleg (step d). 
A list of presentation elements 
The presentation elements associated with the AC and AE modes are therefore preferred by the student (step c). The 
presentation elements from the artificial psychologist that are associated with the SanPhleg temperament blend are 
also associated with the student (step f) . 
Determine an Individualized Tutoring Strategy 
Execute steps g, h, i, j and k to obtain the following tutoring strategy: 
Recommended Tutoring Strategy 
Capable Presentation Element 
Step-by-step tutorials 
Essential Presentation Elements 
Computerized Adaptive Testing 
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Generic Questioning 
Other Presentation Elements 
Explanations 
Descriptions 
Opportunity to reflect/think 
A Point-and-Query Interface based on QUEST model. 
Examples 
Elements from the Artificial Psychologist 
Artificial Psychologist: Procrastination 
Artificial Psychologist: Motivation 
More Highly Rated Presentation Elements 
WWW Exploration of LP 
Practical Readings 
2.4. The Assistant in Action - What the User Sees 
136 
A computerized tool was developed to facilitate the individualization of teaching I tutoring within the LP curriculum, 
both within the traditional classroom and within my tutoring environment. Consult appendix 15 to see where to get a 
copy of this tool and to read instructions on how to utilize it. The following step-by-step description and menu 
screen shots will give the reader a good overview of how the tool functions. 
1. The following menu assists the user in utilizing the tool. Call it the Kolb Main Menu. 
A Hodel of Teaching/Tutoring & Learning 
Based on Kolb's Learning Style Inventory 
A Introduction to Kolb's LSI 
C RO-Hode Characteristics 
E AE-Hode Characteristics 
G Take Kolb's LSI 
'f+ 
B CE-Hode Characteristics 
D AC-Hode Characteristics 
F Classification Characteristics 
H Results of LSI Interpreted 
I Possible Presentation Elements J Presentation Elements I Hade 
K Administer Temperament Test 
H La Haye & Psychological Help 
0 Fuzzy Description of User 
Q Important Research Findings 
S End T&L Assistant Session 
L Learning Styles & Temperament 
N Recommended Tutoring Strategy 
P Fuzzy Hodel: Tutoring Strategy 
R References Consulted 
2. Option A on the Kolb Main Menu introduces the user to experiential learning theory and Kolb's LSI. It also 
gives the user a brief overview of what the assistant is able to do. 
3. Option B on the Kolb Main Menu allows the user to explore the various characteristics of the concrete 
experience mode. A hypertext presentation is activated when option B is selected. 
4. Option C on the Kolb Main Menu allows the user to explore the various characteristics of the reflective 
observation mode. A hypertext presentation is activated when option C is selected. 
5. Option D on the Kolb Main Menu allows the user to explore the various characteristics of the abstract 
conceptualization mode. A hypertext presentation is activated when option D is selected. 
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6. Option E on the Kolb Main Menu allows the user to explore the various characteristics of the active 
experimentation mode. A hypertext presentation is activated when option E is selected. 
7. By selecting option F on the Kolb Main Menu the user is able to explore (via another menu) the characteristics 
of divergers, assimilators, convergers and accommodators. Kolb Submenu 1 is displayed. 
8. Options 1 to 4 on Kolb Submenu 1 activate hypertext pages that allow the user to learn more about divergers, 
assimilators, convergers and accommodators (their strong and weak points, their fields of study and their 
careers). 
9. Option G on the Kolb Main Menu enables the user to take Kolb's LSI. The results thereof (scores for the four 
modes and the resulting classification) are displayed when option H is selected. 
10. Option I on the Kolb Main Menu lists the default presentation elements which are used within my tutoring 
environment to construct a tutoring strategy. 
11. Option J on the Kolb Main Menu lists the presentation elements which are associated with each of the modes 
in Kolb's LSI (CE, RO, AC and AE). It then continues by listing only these presentation elements which are 
associated with the two modes which form the basis of the user's classification. If the user is, for example, 
classified as an-assimilator, only the presentation elements associated with the RO and AC modes are displayed. 
These associations play an important role in constructing the tutoring strategy which will be displayed when 
option N is activated. This strategy is compiled with the aid of the approach that was sketched and illustrated in 
the previous two sections. 
12. La Haye's temperament test is used to determine which elements from the artificial psychologist should be 
included in the user's tutoring strategy (motivation, goal setting study habits, emotional help or ways to 
overcome procrastination). LaHaye's test is administered when option K on the Kolb Main Menu is selected. 
13 . The user can read descriptions of LaHaye's 12 temperament blends and see which learning style elements are 
associated with each of the four main temperaments (sanguine, choleric, melancholy and phlegmatic) by 
selecting option L on the Kolb Main Menu. The following menu (Kolb Submenu 2) will then assist the user in 
navigating these information. 










Descr ipt. ions of 12 Temperament Blends & 







Learning 5tyles: 5anguine 
Learning 5tyles: !Ielanccholy 











Choler ic-Phlegroat ic: Cho lPhle9 
Helancholy-Choleric: HelChol 
PhlegJ;'Ciat ic-5an~tuine: PhlegSan 
PhlegJ;'Ciatic-IIe lanchol y: PhlegHe 1 
Learning 5tyles: Choleric 
Learning Styles: Phlegroat ic 
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14. Option M on the Kolb Main Menu lists the presentation elements from the artificial psychologist which are 
associated with each of the four main temperaments (sanguine, choleric, melancholy, phlegmatic). It then 
continues by listing only these presentation elements which are associated with the two temperaments which 
form the basis of the user's temperament blend. If the user is, for example, classified as a SanMel, only the 
presentation elements associated with the sanguine and melancholy temperaments are displayed. These 
associations play an important role in constructing the tutoring strategy which will be displayed when option N is 
activated. This strategy is compiled with the aid of the approach that was sketched and illustrated in the 
previous two sections. 
15. The resulting tutoring strategy is displayed when option N on the Kolb Main Menu is selected. 
16. Options 0 and P on the Kolb Main Menu are not discussed here. It will only be discussed in the next chapter 
after a fuzzy approach towards tutoring has been introduced. 
17. Option Q on the Kolb Main Menu allows the user to view important research results connecting Kolb's learning 
styles with educational specialization and Jung's personality types. It also highlights the importance of creating 
learning environments that match the learning styles preferences of its students. 
18. If the user wants to see which references were consulted in compiling this tutoring I teaching and learning 
assistant, (s)he must select option R on the Kolb Main Menu. Kolb Submenu 3 is displayed. 
The user can use this menu to investigate which books, papers, WWW links and software packages were used in 
setting up this teaching/tutoring and learning assistant. 
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3. A Teaching/Tutoring- and Learning Assistant Based on Personality Types 
3.1. A Model of Teaching and Learning Based on Personality Types 
The Myers-Briggs Type Indicator was sketched in section 2.2.3 of chapter 6. Section 3 of appendix 6 contains 
information on the various dimensions (extraversion I introversion, sensation I intuition, thinking I feeling and 
judgement I perception) and the learning and teaching elements associated with each. A model of teaching and 
learning that is based on a MBTI test basically works the same as the one that is based on Kolb's LSI: First 
determine the student's personality type (introvert I sensing I feeling I judging, for example) and the learning style 
elements associated with it, then associate specific presentation elements with the different dimensions of her/his 
personality type, and finally construct an individualized tutoring strategy from these presentation elements. The 
following section provides such a procedure, the section thereafter illustrates this procedure, and section 3.4 provides 
a demonstration of how this procedure was incorporated in a teaching/tutoring and learning assistant that is based on 
a MBTI. 
3.2. A Procedure to Determine a Teaching I Tutoring Strategy 
The 35 presentation elements listed in section 1.3 are used in this procedure. Some of them are defmed as capable 
presentation elements - this means that they are able to present a complete lesson on a specific topic. Examples 
include theoretical readings, step-by-step tutorials and mind map presentations. Presentation elements not capable of 
presenting a complete lesson include diagrams, flowcharts and descriptions. The following procedure is followed in 
determining a tutoring strategy: 
a) Obtain a description of the student's personality type by administering a modified version of a MBTI test. The 
learning style elements associated with the various dimensions of the 16 personality types will be used to 
determine an individualized tutoring strategy for the student. 
b) Associate presentation elements with the various dimensions of the 16 possible personality types. 
A thorough study of the 16 personality types ((ENTJ, ENTP, ENFJ, ENFP, ESTJ, ESTP, ESFJ, ESFP, INTJ, 
INTP, INF J, INFP, ISTJ, ISTP, ISFJ, and ISFP), its various dimension (extroversion, introversion, sensation, 
intuition; thinking, feeling, judgement, perception) and a proper understanding of the functions of each 
presentation element within my tutoring environment, guided me in making the following associations between 





A Point-and-Query Interface based on QUEST model; Computerized Problem Solver I 
Spreadsheets I Environment for calculations; Facility to Build Mind Maps; Monitoring 
Systems; Interactive Advisors; Drill-and-practice exercises; Ask Stimulating Questions; 
Cooperative Learning Activities; Teaching Games; Software supporting role playing I 
also music. 
Theoretical Readings; Opportunity to reflect/think; Word Processor I Journaling; WWW 
Exploration ofLP. 
Computerized Problem Solver I Spreadsheets I Environment for calculations; 
Explanations; Flowcharts; Step Charts; Monitoring Systems; Step-by-step tutorials; 
Examples; Demonstrations; Diagrams; Drill-and-practice exercises; Descriptions; Pseudo-
code for procedure to follow to accomplish task; Practical Readings; Case Studies; 
Animation I graphics. 
A Point-and-Query Interface based on QUEST model; Mind Map Presentation; Facility to 
Build Mind Maps; Theoretical Readings; Ask Stimulating Questions; Teaching Games; 






Case Studies; Opportunity to reflect/think; Software supporting role playing I also music; 
WWW Exploration of LP. 
Computerized Problem Solver I Spreadsheets I Environment for calculations; 
Explanations; Monitoring Systems; Step-by-step tutorials; Drill-and-practice exercises; 
Descriptions; Navigation facility. 
Monitoring Systems; Interactive Advisors; Ask Stimulating Questions; Navigation 
facility; Cooperative Learning Activities; Teaching Games; Word Processor I Journaling; 
Software supporting role playing I also music. 
Step-by-step tutorials; Drill-and-practice exercises; Teaching Games; Case Studies. 
A Point-and-Query Interface based on QUEST model.; Computerized Problem Solver I 
Spreadsheets I Environment for calculations; Mind Map Presentation; Demonstrations; 
Ask Stimulating Questions; Cooperative Learning Activities; Software supporting role 
playing I also music; WWW Exploration ofLP. 
c) Identify the presentation elements from the lists in (b) that are preferred by the student, i.e. select all those 
presentation elements that are associated with the student's personality type, as was determined in (a) above. 
d) Obtain a description of the student's temperament by administering La Haye's temperament test. The results of 
this test will be used to select presentation elements which will accommodate the student's psychological needs. 
e) Associate presentation elements from the Artificial Psychologist with the various temperaments. 
A thorough study of the various temperaments and a proper understanding of the functions of each presentation 
element from the artificial psychologist, guided me in making the following associations between temperaments 





Motivation; Goal Setting. 
Study Habits; Goal Setting; Emotions. 
Goal Setting; Emotions. 
Motivation; Goal Setting; Procrastination. 
f) Identify the presentation elements from the lists in (e) that are preferred by the student, i.e. select all those 
presentation elements that are associated with the student's temperament, as was determined in (d) above. 
g) Identify the capable presentation elements which are part of the list of presentation elements that was compiled 
in step (c) . Select any one of them at random and include it in the student's tutoring strategy. 
h) Include the "generic questioning" and the "computerized adaptive testing" presentation elements as essential 
elements within the proposed tutoring strategy. 
i) Randomly select five presentation elements from the list compiled in (c), and include them in the tutoring 
strategy under the heading "Other Presentation Elements". 
j) Randomly select two presentation elements from the list compiled in (f), and recommend that they be included 
in the tutoring strategy. Place them under the heading "Elements from the Artificial Psychologist". 
k) List the remaining presentation elements among the top ten from the list compiled in (f) that have not been used 
thus far, and include them under the heading "More Highly Rated Presentation Elements" . 
The next section is used to illustrate this procedure. 
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3.3. The Assistant in Action - An Example Session Behind the Scenes 
Description of the student 
A hypothetical student took a MBTI test.. (S)he was classified as having an ISFJ personality type (introvert I sensing 
I feeling I judging). (step a). The student also took LaHaye's temperament test (S)he was classified as a SanPhleg 
(step d). 
A list of presentation elements 
The presentation elements associated with introversion, sensation, feeling and judgement are therefore preferred by 
the student (step c). The presentation elements from the artificial psychologist that are associated with the SanPhleg 
temperament blend are also associated with the student (step f) . 
Determine an Individualized Tutoring Strategy 
Execute steps g, h, i, j and k to obtain the following tutoring strategy: 
Recommended Tutoring Strategy 
Capable Presentation Element 
Step-by-step tutorials 
Essential Presentation Elements 
Computerized Adaptive Testing 
Generic Questioning 
Other Presentation Elements 
Examples 
Pseudo-code for procedure to follow to accomplish task 
Monitoring Systems 
Computerized Problem Solver I Spreadsheets I Environment for calculations 
Case Studies 
Elements from the Artificial Psychologist 
Artificial Psychologist: Motivation 
Artificial Psychologist: Goal Setting 
More Highly Rated Presentation Elements 
Navigation facility 
Teaching Games 
3.4. The Assistant in Action -What the User Sees 
A computerized tool was developed to facilitate the individualization of teaching I tutoring within the LP curriculum, 
both within the traditional classroom and within my tutoring environment Consult appendix 15 to see where to get a 
copy of this tool and to read instructions on how to utilize it The following step-by-step description and menu 
screen shots will give the reader a good overview of how the tool functions. 
1. The following menu assists the user in utilizing the tooL Call it the MBTI Main Menu. 











Application of Personality Types to T&L 
A Teaching and Learning Assistant 
Extrovert. or Introvex:t :i' 
Thinking or Feeling? 
IIBTI Test Results Interpreted 
Presentation Eler(l I Dimension 
Learning Styles & Temperament 
Recommended Tutorino;;r Strategy 
Fuzzy Hodel: Tutoring Strat.e•;JY 
Sensing VS Int.uitive Learner 
,Judging 'l'S Perceiving Learner 










Sensing or Intuition? 
Judging or Perception? 
Possible Presentation Elements 
Adminster Temperai(Ient Test 
La Haye & Psychological Help 
Fuzzy Description of Student 
Extx:overt vs Introvert Learner 
Thinkino;;r vs Feeling Learner 
References Consulted 
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2. Option A on the MBTI Main Menu enables the user to take an inventory that determines whether (s)he is an 
extrovert or an introvert. It is based on the modified version of a MBTI test that is listed in appendix 6. 
3. Option B on the MBTI Main Menu enables the user to take an inventory that determines whether (s)he has a 
sensory or an intuition preference. It is based on the modified version of a MBTI test that is listed in appendix 
6. 
4. Option Con the MBTI Main Menu enables the user to take an inventory that determines whether (s)he has a 
thinking or a feeling preference. It is based on the modified version of a MBTI test that is listed in appendix 6. 
5. Option D on the MBTI Main Menu enables the user to take an inventory that determines whether (s)he has a 
judging or a perception preference. It is based on the modified version of a MBTI test that is listed in appendix 
6. 
6. The user can view the results of the above four tests by selecting option E on the MBTI Main Menu. (S)he 
may, for example, be classified as an "Extrovert/Sensing/Thinking/Judging." type. The learning elements 
associated with each of these preferences will therefore be associated with this user. 
7. Option F on the MBTI Main Menu lists the default presentation elements which are used within my tutoring 
environment to construct a tutoring strategy. 
8. Option G on the MBTI Main Menu lists the presentation elements which are associated with each of the 
dimensions of the MBTI test, i.e. extrovert, introvert, sensing, intuition, thinking, feeling, judging and 
perception. It then continues by listing only these presentation elements which are associated with the user's 
classification. If the user is, for example, classified as an "Extrovert I Sensing I Thinking I Judging" type, only 
the presentation elements associated with these four dimensions are displayed. These associations play an 
important role in constructing the tutoring strategy which will be displayed when option K is activated. This 
strategy is compi[ed with the aid of the approach that was sketched and illustrated in the previous two sections. 
9. La Haye's temperament test is used to determine which elements from the artificial psychologist should be 
included in the user's tutoring strategy (motivation, goal setting study habits, emotional help or ways to 
overcome procrastination). La Haye's test is administered when option H on the MBTI Main Menu is selected. 
10. The user can read descriptions of LaHaye's 12 temperament blends and see which learning style elements are 
associated with each of the four main temperaments (sanguine, choleric, melancholy and phlegmatic) by 
selecting option I on the MBTI Main Menu. The following menu (MBTI Submenu 1) will then assist the user 
in navigating these information. 










Descriptions of 12 Tempera1oent Blends .~ 





Helancho ly-Phlegroat ic: HelPhleg 
Phlegroat ic-Cho ler ic: PhlegChol 
Learning Styles: Sanguine 
Learning Styles: Helanccholy 













Phlegmat ic-Sano;_ruine: PhlegSan 
Phlegroat ic::-I!e lancho 1 y: Phlegi!e 1 
Learning Styles: Choleric 
Learning Styles: Phlegrnat ic 
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11. Option J on the MBTI Main Menu lists the presentation elements from the artificial psychologist which are 
associated with each of the four main temperaments (sanguine, choleric, melancholy, phlegmatic). It then 
continues by listing only these presentation elements which are associated with the two temperaments which 
form the basis of the user's temperament blend. If the user is, for example, classified as a SanMel, only the 
presentation elements associated with the sanguine and melancholy temperaments are displayed. These 
associations play an important role in constructing the tutoring strategy which will be displayed when option K 
is activated. This strategy is compiled with the aid of the approach that was sketched and illustrated in the 
previous two sections. 
12. The resulting tutoring strategy is displayed when option K on the MBTI Main Menu is selected. 
13. Options Land M on the MBTI Main Menu are not discussed here. It will only be discussed in the next chapter 
after a fuzzy approach towards tutoring has been introduced. 
14. Option N on the MBTI Main Menu tells the story of Edward and Irving, the extravert and the introvert, and 
their learning preferences. It is a reproduction of an article by R.M. Felder that appeared in volume 28 of 
Chemical Engineering Education. 
15. Option 0 on the MBTI Main Menu tells the story of Stan and Nathan, the sensing learner and the intuitive 
learner, and their learning preferences. It is a reproduction of an article by R.M. Felder that appeared in volume 
25 of Chemical Engineering Education. 
16. Option P on the MBTI Main Menu tells the story of Tony and Frank, the thinker and the feeler on the MBTI, 
and their learning preferences. It is a reproduction of an article by R.M. Felder that appeared in volume 29 of 
Chemical Engineering Education. 
17. Option Q on the MBTI Main Menu tells the story of Jill and Perry, the judger and the perceiver on the MBTI, 
and their learning preferences. It is a reproduction of an article by R.M. Felder that appeared in volume 25 of 
Chemical Engineering Education. 
18. If the user wants to see which references were consul ted in compiling this tutoring I teaching and learning 
assistant, (s)he must select option R on the MBTI Main Menu. MBTI Submenu 2 is displayed. 
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The user can use this menu to investigate which books, papers, WWW links and software packages were used in 
setting up this teaching/tutoring and learning assistant. 
4. A Teaching I Tutoring- and Learning Assistant Based on Neethling's Left-
and Right Brain Preferences 
4.1. A Model of Teaching I Tutoring and Learning Based on Left- and Right Brain 
Preferences 
The Neethling Brain Profile Instrument was outlined in section 2.2.7 of chapter 6. Section 7 of appendix 6 contains 
information on the various quadrants of the brain (Ll, L2, Rl and R2), including the learning and teaching elements 
associated with each. A model of teaching I tutoring and learning that is based on Neethling's model of left and right 
brain preferences basically works like this: First determine the student's brain profile (dominant, secondary and 
tertiary quadrants). Then associate high priorities with the learning preferences of the student's dominant quadrant, 
average priorities with the learning preferences of the student's secondary quadrant and low priorities with the 
learning preferences of the student's tertiary quadrants. Next associate specific presentation elements with the 
learning preferences within the different quadrants, and finally, construct an individualized tutoring strategy from 
these presentation elements. The following section provides such a procedure, the section thereafter illustrates this 
procedure, and section 4.4 provides a demonstration of how this procedure was incorporated in a teaching/tutoring 
and learning assistant that is based on left- and right brain preferences 
4.2. A Procedure to Determine a Teaching I Tutoring Strategy 
Note that only the following presentation elements are used in this model (unlike most of the other models which 
were developed later and within which more presentation elements were included) : 
A Point-and-Query Interface Based on the Quest Model, Computerized Adaptive Testing, A Computerized Problem 
Solver, A Generic Questioning Module, A Computer Mind Mapping Facility, Explanations, Flowcharts, Step 
Charts, Monitoring Systems, Interactive Advisors, Step by-step Tutorials, Examples, Demonstrations, Diagrams, 
Theoretical Readings, Drill-and-practice Exercises, The Asking of Stimulating Questions, Descriptions, Pseudo-code 
for Procedure to Follow to Accomplish Task, Navigation Facility, Practical Readings, Cooperative learning, 
Teaching Games, Case Studies, An Opportunity to Reflect/Think, and the following elements from the Artificial 
Psychologist: Motivation, Goal Setting, Study Habits, Emotional Assistance and Procrastination. 
The following procedure was designed for selecting presentation elements matching a student's preferred learning 
style: 
a) Obtain a description of the student's preferred learning style by administering a simplified version ofNeethling's 
Brain Profile Instrument. 
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b) Associate high priorities with the learning preferences of the student's dominant quadrant, average priorities with 
the learning preferences of the student's secondary quadrant and low priorities with the learning preferences of 
the student's tertiary quadrants . 
c) Identify and prioritize characteristics, needs, avoidances and preferences of the student. Use the classification 
obtained in (a) and (b) for this purpose. 
d) Map these characteristics, needs, avoidances and preferences, together with their priorities, on specific 
presentation elements. 
e) "OR" the priorities of elements with more than one. The presentation elements with the highest priorities will be 
used to construct a tutoring strategy. 
f) Construct a tutoring strategy by selecting a fixed number of presentation elements. Factors to consider when 
selecting these elements are the availability of a specific presentation element for the teaching of a particular 
subject, and very importantly, the ability of a selected presentation element to effectively communicate the 
contents of a specific module. 
4.3. Illustrating the Procedure - The Assistant in Action 
a. Description of the Student's Preferred Learning Style 





b. Setting Priorities 
L2 
L1 
Rl and R2. 
Allocate a high priority to the learning preferences and characteristics of the L2 quadrant, an average priority to the 
learning preferences and characteristics of the L1 quadrant and a low priority to the learning preferences and 
characteristics of the Rl and R2 quadrants. 
c. A List of Prioritized Characteristics, Needs, Avoidances and Preferences 
Sections 7.5 , 7.6, 7.8, 7.9, 7.10 and 7.11 of appendix 6list the preferred thought processes, typical characteristics, 
preferred problem solving strategies, preferred classroom activities, preferred teaching I training elements and 
preferred learning elements of the Ll , L2, Rl and R2 quadrants of the brain. These lists are used within the model of 
teaching/tutoring and learning as the characteristics, needs, avoidances and preferences of the various quadrants of 
the brain. Call it the learning preferences of the various quadrants. 
These learning preferences are then prioritized for the hypothetical student by assigning to them the priorities of the 
quadrants they belong to: 
High priorities, corresponding to the primary dominance of the L2 quadrant, are therefore assigned to the preferred 
thought processes, typical characteristics, preferred problem solving strategies, preferred classroom activities, 
preferred teaching I training elements and preferred learning elements of the L2 quadrant (listed in appendix 6). 
Average priorities, corresponding to the secondary dominance of the L1 quadrant, are assigned to its learning 
preferences. 
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Low priorities, corresponding to the tertiary dominance of the R1 and R2 quadrants, are assigned to its learning 
preferences. 
d. Mapping Learning Elements on Presentation Elements 
Each of the learning preferences identified above (in (c)) are now mapped, together with their priorities, on to the 
presentation elements defmed in the previous section. A few examples of these mappings are provided below. The 
student's priorities for these preferences are automatically carried forward to the presentation element. 
Example Mappings 
Prefer facts to be organized and orderly is mapped on A Point-and-Query Interface. 
Facts should be ordered chronologically is mapped on Step Charts. 
Prefer practical aspects is mapped on Practical Readings. 
Contents is presented in successive order is mapped on Step-by-step Tutorials. 
Contents of lessons is well-planned is mapped on Artificial Psychologist: Goal Setting. 
Lessons have a clear structure is mapped on Artificial Psychologist: Study Habits. 
Study according to a timetable/program is mapped on Artificial Psychologist: Study Habits. 
Practise until you feel you have the knowledge is mapped on Drill-and-Practice Exercises. 
Factual is mapped on Descriptions. 
Utilize summaries is mapped on Facility to Build Mind Maps. 
Artistic contents is mapped on Diagrams. 
Metaphors is mapped on Demonstrations. 
Give a holistic overview of the lesson is mapped on Mind Map Presentation. 
Allow spontaneous participation is mapped on Interactive Advisors. 
Visual aids, etc is mapped on Diagrams. etc .... 
e. Priorities of Presentation Elements 
The priorities associated with each presentation element are OR-ed. The resulting priorities for the hypothetical 
student for the different presentation elements are: 
I . High Preference for A Point-and-Query Interface based on QUEST model. 
2. Average Preference for Computerized Adaptive Testing. 
3. Low Preference for Computerized Problem Solver. 
4. No preference specified for Generic Questioning. 
5. High Preference for Facility to Build Mind Maps. 
6. No preference specified for Explanations. 
7. Low Preference for Flowcharts. 
8. High Preference for Step Charts. 
9. High Preference for Monitoring Systems. 
10. Low Preference for Interactive Advisors. 
11 . High Preference for Step-by-step tutorials. 
12. Average Preference for Examples. 
13 . Low Preference for Demonstrations. 
14. Low Preference for Diagrams. 
15. Average Preference for Theoretical Readings. 
16. High Preference for Drill-and-practice exercises. 
17. High Preference for Ask Stimulating Questions. 
18. Average Preference for Descriptions. 
19. No preference for Pseudo-code for procedure to follow to accomplish task. 
20. Low Preference for Navigation facility. 
21. High Preference for Practical Readings. 
22. Low Preference for Cooperative Learning. 
23. Low Preference for Teaching Games. 
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24. Low Preference for Case Studies. 
25. Average Preference for Opportunity to reflect/think. 
26. Low Preference for Artificial Psychologist: Motivation. 
27. High Preference for Artificial Psychologist: Study Habits. 
28. High Preference for Artificial Psychologist: Goal Setting. 
29. Low Preference for Artificial Psychologist: Emotions. 
30. No preference specified for Artificial Psychologist: Procrastinate 1. 
31 . No preference specified for Artificial Psychologist: Procrastinate 2. 
32. Low Preference for Mind Map Presentation. 
f. Constructing a Tutoring Strategy 
Construct a tutoring strategy by selecting a fixed number of presentation elements. Factors to consider when 
selecting these elements are the availability of a specific presentation element for the teaching of a particular subject, 
and very importantly, the ability of a selected presentation element to effectively communicate the contents of a 
specific module. 
Consider the modules and concepts of the LP curriculum. Associate with each an "availability", and a "capability" 
vector: The "availability" vector indicates which presentation elements are implemented, and therefore available, for 
that specific concept or module, and the "capability" vector indicates which presentation elements can be used to 
provide a complete "lesson" of that specific concept or module, and which not. 
A tutoring strategy is constructed by first selecting the "capable" presentation element with the highest priority, and 
then complementing it from the remaining presentation elements by selecting the four or five with the highest 
priorities (normally elements which are not capable to provide complete "lessons"). An additional, balanced 
presentation element is also recommended and the essential presentation elements, like the computerized adaptive 
testing procedure, is automatically included. Appropriate modules from the "artificial psychologist" are also 
recommended. 
The following example illustrates this procedure: 
Suppose the student wants to learn how to build mathematical models oflinear programming problems. 
The "Availability" vector associated with this module indicates that the following presentation elements are 
implemented and therefore available for selection: 
A Point-and-Query Interface based on QUEST model, Computerized Adaptive Testing, Computerized Problem 
Solver, Generic Questioning, Computer Mind Mapping Facility, Explanations, Flowcharts, Step Charts, Monitoring 
Systems, Step-by-step tutorials, Examples, Demonstrations, Diagrams, Theoretical Readings, Drill-and-practice 
exercises, Ask Stimulating Questions, Descriptions, Pseudo-code for procedure to follow to accomplish task, 
Navigation facility, Practical Readings, Teaching Games, Case Studies, and Opportunity to reflect/think. 
The following elements are not available: 
Interactive Advisors and Cooperative Learning. 
The "Capability" vector associated with this module indicates that the following presentation elements can provide a 
complete "lesson" on the building of mathematical models: 
Computer Mind Mapping Facility, Step-by-step, tutorials, Theoretical Readings, Teaching Games and Case Studies. 
Using the priorities from the previous section the system is able to recommend the following tutoring strategy: 
Capable presentation element 
Step-by-step tutorials 
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A Point-and-Query Interface based on QUEST model 




Essential presentation elements 
Computerized Adaptive Testing 
An additional, balanced presentation element 
Computerized Problem Solver 
Psychological help 
Artificial Psychologist: Study Habits 
Artificial Psychologist: Goal Setting 
Ties are broken arbitrarily (randomly) when selecting the so-called "incapable" presentation elements. 
4.4. The Assistant in Action - What the User Sees 
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A computerized tool was developed to facilitate the individualization of teaching I tutoring within the LP curriculum, 
both within the traditional classroom and within my tutoring environment. Consult appendix 15 to see where to get a 
copy of this tool and to read instructions on how to utilize it. The following step-by-step description and menu 
screen shots will give the reader a good overview of how the tool functions . 
1. The following menu assists the user in utilizing the tool. Call it the LBRB Main Menu. 
Options A to J provide the user with kiosk information on the left- and right brain and on the preferences of the 
various quadrants of the brain. Options K and L enables the user to utilize a model of teaching and learning that 
is based on left- and right brain preferences. 
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2. Option A on the LBRB Main Menu allows the user to explore characteristics of left brain thinking (see section 
7.2 in appendix 6). 
3. Option B on the LBRB Main Menu allows the user to explore characteristics of right brain thinking (see 
section 7.3 in appendix 6). 
4. Option C on the LBRB Main Menu enables the user to read about application areas of left and right brain 
preferences (see section 7.4 in appendix 6). 
5. Option D on the LBRB Main Menu lists preferred thought processes of the Ll , L2, Rl and R2 quadrants, 
respectively (see section 7.5 in appendix 6). 
6. Option E on the LBRB Main Menu lists typical characteristics of the Ll , L2, Rl and R2 quadrants. 
respectively (see section 7.6 in appendix 6). 
7. Option E on the LBRB Main Menu lists typical career choices of the Ll , L2, Rl and R2 quadrants, 
respectively( see section 7.7 in appendix 6). 
8. Option F on the LBRB Main Menu lists typical problem solving strategies of the Ll , L2, R1 and R2 
quadrants, respectively (see section 7.8 in appendix 6). 
9. Option G on the LBRB Main Menu lists typical characteristics of the whole brain classroom that is based on 
the Ll , L2, Rl and R2 approaches, respectively( see section 7.9 in appendix 6). 
10. Option H on the LBRB Main Menu lists typical characteristics of whole brain teaching that is based on the Ll , 
L2, R1 and R2 approaches, respectively (see section 7.10 in appendix 6). 
11. Option I on the LBRB Main Menu lists typical characteristics of whole brain learning that is based on the L 1, 
L2, R1 and R2 approaches, respectively (see section 7.11 in appendix 6). 
12. Option K on the LBRB Main Menu provides the user with access to a model of teaching I tutoring and learning 
that is based on left- and right brain preferences. (S)he can use this model to determine an individualized 
tutoring strategy that can be used within my conceptual framework to learn about topics from the LP curriculum. 
The following menu, call it LBRB Submenu 1, controls this process. 
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13. Option A on LBRB Submenu 1 allows the user to take a modified version ofNeethling's Brain Profile Test and 
to determine her/his dominant, secondary and tertiary brain quadrants. 
14. Option Bon LBRB Submenu 1 lists the resulting approximate brain profile of the user. 
15. Option C on LBRB Submenu 1 lists typical characteristics of the user's dominant quadrant and spells out how 
the user will most probably (because of this classification) approach problem-solving, education, teaching and 
learning. 
16. Options D and E on LBRB Submenu 1 lists the secondary and tertiary preferences of the user (according to 
her/his secondary and tertiary brain quadrants). 
17. Option F on LBRB Submenu 1 allows the user to view a complete list of all the available presentation elements 
and the preferences that are associated with it, because of the user's specific brain profile. High, average, low or 
no preferences are associated with the various presentation elements. 
18. The presentation elements with the highest preferences are included in the user's recommended tutoring strategy. 
This strategy can be viewed by selecting option G on LBRB Submenu 1. 
19. Option H on LBRB Submenu 1 is used to create the approximate brain profile of a hypothetical student. It 
allows a user of the system to first explore the model of teaching and learning before actually taking the brain 
profile test in option A. (S)he can experiment and see what strategies are recommended for students with 
randomly generated brain profiles. 
20. Options I toN on LBRB Submenu 1 have the same functions as options B to H on the same menu, except that 
it is applied to the brain profile of a hypothetical rather than to that of an actual student. 
21. Option L on the LBRB Main Menu will not be discussed here. It will only be described in the next chapter 
after a fuzzy approach towards tutoring has been introduced. 
Stellenbosch University  https://scholar.sun.ac.za
151 
5. The M.A.S.T.E.R Method of Teaching and Learning 
5.1. Introduction 
Accelerated learning trainers Colin Rose and Malcolm and Jayne Nicholl (Rose & Nicholl, 1997; Rose, 1999) 
propose a model of teaching and learning that involves six stages and which can be summarized and are easily 
remembered by the acronym M.A.S.T.E.R.: Motivating your mind, Acquiring the information, Searching out the 
meaning, Triggering the memory, Exhibiting what you know, and Reflecting on how you have learned The method 
is outlined below. Applications thereof are then listed before two teaching I tutoring and learning assistants, that 
are based there upon, are considered. 
Motivating Your Mind 
The student needs to be in a "resourceful" state of mind. That state of mind is relaxed, confident and Motivated. If 
( s )he is stressed, or lack belief in her/his ability, or cannot see the point of what ( s )he is learning, ( s )he will not learn 
well 
The following techniques could be used by the student to create this resourceful state of mind: 
• Decide WII-FM (What's In It For Me); 
• Plan his/her time; 
• Use affirmations; 
• Create a vision of success; 
• Create a positive study environment; 
• Relax; 
• Write down his/her goals; 
• Replay an image of past success; 
• Take frequent breaks; and 
• Create an action plan. 
Acquiring the Information 
The student needs to take in the facts in her/his preferred learning style. In this model this means that students differ 
in the extent to which they need to see, hear, or get physically involved in what they are learning. 
When the student learns something new, (s)he needs to do something to make that information more memorable to 
her-/himself. What (s)he will do depends on her/his preference for visual, auditory or physical learning or a 
combination of these three preferences. 
General techniques which may help the student in effectively acquiring the information, include: 
• Check the contents page I subheadings I illustrations I opening paragraphs; 
• Make a preliminary learning I mind map; 
• Make notes in other forms; 
• Defme what (s)he does not know; 
• Tum every heading into a question; 
• Ask what does this mean: Do I agree? What can I conclude?; 
• Interrogate the author; and 
• Ask: Does this make sense? What is the evidence for this? 
Specific visual techniques are: Highlight in color; diagrams, learning I mind maps; visualization and making a poster. 
Auditory techniques include: Read aloud dramatically; make an audio tape; and, explain it to someone else. Specific 
kinesthetic strategies that can be used, are: Write and circle key points; make notes on post cards; and, make a model 
I learning map. 
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Searching Out the Meaning 
The student needs to explore what {s)he is learning. There is a difference between knowing about something and 
truly understanding it. When the student thoroughly explores a subject, (s)he turns surface knowledge into deep 
understanding. How (s)he achieves this depends upon the unique way (s)he uses her/his range of intelligences. 
Rose (1999) gives the following examples of techniques which can be used by the various intelligences to explore 
the subject: 
• Summarize it in your own words (linguistic); 
• List main points in logical order; analyze it; create a flow chart (logical-mathematical); 
• Create a learning map or poster; visualize it as a TV documentary (visual-spatial); 
• Write a jingle, song or rap; play background (classical) music as you learn (musical); 
• Act it out; role play; model it; use post cards to order your thoughts (bodily-kinesthetic); 
• Discuss I teach it to someone else; compare notes (interpersonal); and 
• Consider how this relates to what you already know and why it matters to you (intrapersonal). 
Triggering the Memory 
The student needs to memorize the key elements of what (s)he has learned. The aim is to commit one or two key 
facts to memory, so that the rest of what (s)he has learned comes flooding back. Techniques that enhances this 
process includes creating an inter-active image, creating a mnemonic, memory flashing, doing a review concert, and 
reviewing the material on a regular basis. 
Exhibiting What You Know 
The student cannot be really sure that (s)he has really understood what (s)he has learned unless (s)he test her-or 
himself. (S)he needs to show (s)he knows. The student can test her-/himself through learning maps or flash cards, 
(s)he can practise through role play or mental rehearsal and (s)he can keep a learning log. 
Reflecting on How You Have Learned 
The student also needs to reflect on how well the learning went. The aim of this last step is to improve, not just what 
the student knows, but also how (s)he learns. That way (s)he will become a better and better learner. Suggestions on 
how this can be approached include the use of a personal progress plan, the pushing of comfort zones and the 
creation of a learning action circle (Rose, 1999). 
5.2. An Application of the M.A.S.T.E.R. Method of Teaching and Learning 
The University of Stellenbosch offers in-service Further Diplomas in Education (FDEs) for Mathematics and 
Physical Science teachers in order to improve their subject knowledge and teaching skills. Instead of a mixed format 
of contact and distance tuition or pure "paper driven" distance education Du Plessis and Smit (Du Plessis, De Kock 
& Smit, 1999) are planning to present these FDEs by making use of interactive TV transmissions and computer 
based tutorials. Two series of 6 one-hour lessons each in Mathematics and Physical Science will be offered to 
teachers via interactive TV transmissions and computer based tutorials. The teachers will be expected to implement 
the material in their classrooms. Du Plessis and Smit have already implemented the flrst of these lessons, one on 
linear and exponential functions. 
Interactive multimedia presentations based on the M* A *S *T*E *R method of teaching and learning were developed 
to present the course material to the teachers and to accommodate their different learning and teaching styles. 
Computer-based tutorials which will be used by the teachers (and eventually also by their learners) to learn about 
models of teaching and learning and, very importantly, to individualize their learning experiences were also 
developed. The flrst of these multimedia programs is used by the TV presenter to present the course material via TV 
transmissions to the teachers, and the second is used by the teachers after they have watched the TV transmission. 
The following list of computer based educational aids were developed I utilized in order to apply the six steps of the 
M.A.S.T.E.R. method to our course material: EasyTeach Authoring System (-Tutor, -Test, -Quiz, -Book, etc. - see 
http:llwww.easyteach.com), a mind mapping facility, an artificial psychologist (providing information on goal 
setting, stress management, self image, study habits, etc.), a V.A.K. expert (providing expertise on visual, auditory 
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and kinesthetic teaching and learning strategies), student modeling procedures (electronic learning style inventories 
and models of teaching and learning), hypermedia summaries, flowcharting procedures, mathematical drawing 
programs, utility modules developed specifically for our functions course, baroque music on CD, quizzes 
(EasyQuiz), tests (EasyTest), kinesthetic tick off procedures, a memory manager (providing hints on good memory 
techniques), De Bono brain gym (to apply De Bono's CoRT Thinking program and thinking games to topics from 
our curriculum), electronic teaching/learning journal (student's view), electronic teaching/learning journal (teacher's 
view), and a number of Internet WWW Pages. 
We tried to orchestrate a resourceful state of mind by showing that functions can be fun by utilizing them to create 
spectacular pictures; by demonstrating how functions could be used in everyday life; by providing inspiring facts 
about our brain and our potential; by motivating the teachers through powerful suggestions; by goal setting for the 
lesson; and by accommodating the teachers' individual learning styles. Other methods that could be used include 
positive brain programming, and relaxation and breathing exercises. The "Artificial Psychologist" could also be 
consulted for inter alia help on emotional, stress and time management. Some of these techniques will be used in 
future lessons. 
We tried to utilize visual, auditory and kinesthetic strategies to present the learning material to the student: The 
student was asked to look at graphs, mind maps, flow charts, step charts and real-life pictures; he listened to music, 
and the lecturer; participated in quizzes, the building of mind maps, the building of student models, and in 
cooperative learning; he took notes, draw mind maps as summaries and sketched graphs as representations of 
functions. 
Other strategies that can be introduced include visualization, dramatic readings and movement. Some of them will be 
introduced in future lessons. 
We tried to accommodate the preferences of the linguistic (Ll), logical-mathematical (LMI), visual-spatial (VSI), 
bodily-kinesthetic (BDI), musical (MI), interpersonal (Ill), intrapersonal (Il2) and naturalist intelligences (NI). A 
hypertext summary of the learning material was consulted (Ll); a flowchart of the mathematical model building 
process was presented (LMI); a mind map summary of the learning material was built (VSI); tick off operations were 
conducted in the building of student models, and students built their own learning maps (BK.I); Baroque music was 
played as background music (MI); cooperative learning took place through small group discussions, quizzes and 
feedback (II 1 ); teachers had the opportunity to evaluate the teacher and also to reflect on their own learning 
experience (Il2); and by categorizing the various concepts and skills in the curriculum we also (indirectly) addressed 
the naturalist intelligence (NI). 
Of course many more ways exist how this could be achieved. Some of the learning elements that could be used for 
this purpose, and will indeed be used in future lessons, include: Listings of keys points and written letters to friends 
or newspapers (Ll); logical numbered lists and diagrams (LMI); colored posters, cartoons, video and visualization 
(VSI); role play and sorting of index cards (BDI); creating ads, rap songs and verses and writing own words for 
songs (MI) ; study buddies! (Ill) ; teacher sharing his passion for subject (Il2; and an ecological check (NI). 
We tried to stimulate the students' memories on functions by first providing some necessary background information 
about our memories. We continued to derive an action plan on behalf of the students and provided them with some 
helpful hints on how they will best remember the study material. We encouraged them to frequently take breaks, we 
stimulated their multisensory memories, we tried to create a review culture and encouraged memory flashing. 
We will possibly try to further trigger the students' memories in future lessons by incorporating the following 
techniques: Deciding to remember, acronyms, flash cards, learn it as a whole, wordplay with numbers and stories and 
music. The students will also be given the opportunity to learn about the peg system of memory and learn how to 
apply it to remember facts and figures, speeches and lectures, study material, and so on. 
We gave the students the opportunity to demonstrate their knowledge through quizzes, interactive feedback, small 
discussion groups, the building of mind maps, and very importantly, by visitirig the De Bono Brain Gym. There they 
were introduced to some of De Bono's programmes that teach people how to think, and were asked to apply some of 
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his thinking tools to the curriculum. In the process they simultaneously learned how to think about the course 
material and about thinking itself. 
In the upcoming lessons more of the thinking tools will be introduced. The students will also be asked to take other 
forms of evaluation, like interactive multiple choice tests, more quizzes and some homework exercises. 
We took the student on a visit to a "tropical island retreat" . There he was introduced to the concepts of a personal 
progress plan, and daily learning and teaching journals. Hopefully it provided him with the opportunity to reflect on 
his or her own learning. 
The above described modules are used by the TV presenter during the TV transmissions. The teaching and learning 
assistants that are described in the following sections, will be used by the teachers (and eventually also by their 
learners) to learn about models of teaching and learning and, very importantly, to individualize their learning 
experiences. 
5.3. Opportunities for Individualization within the M.A.S.T.E.R. Method 
Both the "Acquiring the information" and the "Search out the meaning" steps within the M.A.S.T.E.R method can be 
individualized by means of learning style based approaches within my conceptual framework (similar to the ones 
described thus far) . The individualization process basically works like this: First determine the student's learning 
style (classification), then associate specific presentation elements with this classification, and fmally construct an 
individualized tutoring strategy from these presentation elements. 
The results of a learning style inventory that measures visual, auditory and kinesthetic preferences are used to 
individualize the "Acquiring the information" step. A number of learning style inventories exist that measure one's 
preference for the visual, the auditory and the kinesthetic . I have chosen to use the one developed by the Honolulu 
Community College in Hawaii (appendix 6, section 10) to individualize tutoring within my conceptual framework I 
guide a human teacher in one-on-one tutoring sessions with students. Other methods to determine the user's V AK 
preferences include Durm's LSI, Rose's Preferred Senses Test (Rose, 1999) , the A VT/K LSI from the Wisconsin 
Centre on Education and Work and the Visualizer-verbalizer Questionnaire (described in chapter 6). They could 
also be used as the basis for individualization, and are available in the V AK style based assistant (see section 5.6). 
The implementation of this step resulted in the creation of a Teaching/Tutoring and Learning Assistant that is based 
on V AK preferences. 
Gardner's theory of multiple intelligence is used as the basis for individualizing the "Search out the meaning" step. 
The implementation of this step resulted in the creation of a Teaching/Tutoring and Learning Assistant that is based 
on the theory of multiple intelligences. 
Sections 5.4, 5.5 and 5.6 show how the "Acquiring the Information" step was individualized and sections 5.7, 5.8 
and 5.9 how the "Search out the meaning" step was implemented. The two Teaching/Tutoring and Learning 
Assistants are also demonstrated. Section 5.10 explains how the complete M.A.S.T.E.R method can be 
computerized and incorporated within my conceptual framework. 
5.4. Acquiring the Information According to V AK Preferences - A Procedure 
The presentation elements listed in section 1.3, with the exception of those associated with the artificial psychologist, 
are used in this procedure. Some of them are defined as capable presentation elements - this means that they are able 
to present a complete lesson on a specific topic. Examples include theoretical readings, step-by-step tutorials, mind 
map presentations and teaching games. Presentation elements not capable of presenting a complete lesson include 
diagrams, flowcharts and descriptions. The elements from the artificial psychologist are not integrated in the 
proposed tutoring strategies, because they are judged not to be necessary in the context of acquiring information 
within the M.A.S.T.E.R. method. The following procedure is followed in determining a tutoring strategy: 
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a) Obtain a description of the student's V AK learning style by administering the V AK LSI of the Honolulu 
Community College in Hawaii. 
b) Associate presentation elements with the various learning styles, i.e. the visual, auditory and kinesthetic. 
A thorough study of the visual, auditory and kinesthetic learning styles and a proper understanding of the 
functions of each presentation element within my tutoring environment, guided me in making the following 
associations between styles and presentation elements: 
Visual Mind Map Presentation; Flowcharts; Demonstrations; Diagrams; Navigation facility; Teaching 
Games; Opportunity to reflect/think; Animation I graphics; WWW Exploration of LP. 
Auditory A Point-and-Query Interface based on QUEST model; Explanations; Step Charts; Interactive 
Advisors; Step-by-step tutorials; Demonstrations; Theoretical Readings; Ask Stimulating 
Questions; Descriptions; Pseudo-code for procedure to follow to accomplish task; Practical 
Readings; Teaching Games; Case Studies; Word Processor I Journaling. 
Kinesthetic A Point-and-Query Interface based on QUEST model; Computerized Problem Solver I 
Spreadsheets I Environment for calculations; Facility to Build Mind Maps; Monitoring Systems; 
Interactive Advisors; Demonstrations; Drill-and-practice exercises; Navigation facility; 
Cooperative Learning Activities; Teaching Games; Word Processor I Journaling; Software 
supporting role playing I also music; WWW Exploration ofLP. 
c) Identify the presentation elements from the lists in (b) that are preferred by the student, i.e. select all those 
presentation elements that are associated with the student's learning style, as was determined in (a) above. 
d) Identify the capable presentation elements which are part of the list of presentation elements that was compiled 
in step (c). Select any one of them at random and include it in the student's tutoring strategy. 
e) Include the "generic questioning" and the "computerized adaptive testing" presentation elements as essential 
elements within the proposed tutoring strategy. 
f) Randomly select five presentation elements from the list compiled in (c), and include them in the tutoring 
strategy under the heading "Other Presentation Elements". 
g) List the remaining presentation elements among the top ten from the list compiled in (f) that have not been used 
thus far, and include them under the heading "More Highly Rated Presentation Elements" . 
The next section is used to illustrate this procedure. 
5.5. A V AK Style Based Approach to Tutoring - The Assistant in Action 
Description of the student 
A hypothetical student took the YAK LSI of the Honolulu Community College in Hawaii. It was determined that the 
student has a dominant preference for the visual, a secondary preference for the auditory and a tertiary preference for 
the kinesthetic. 
A list of presentation elements 
The presentation elements associated with the visual are therefore mostly preferred by the student (step c), followed 
by the auditory and the kinesthetic. 
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Determine an Individualized Tutoring Strategy 
Execute steps d, e, f, and g to obtain the following tutoring strategy: 
Recommended Tutoring Strategy 
Capable Presentation Element 
Teaching Games 
Essential Presentation Elements 
Computerized Adaptive Testing 
Generic Questioning 
Other Presentation Elements 
Flowcharts 
Opportunity to reflect/think 
Diagrams 
Demonstrations 
Animation I graphics 
More Highly Rated Presentation Elements 
Mind Map Presentation 
WWW Exploration of LP 
Navigation facility 
Theoretical Readings 
5.6. Demonstrating the V AK Style Based Approach 
156 
A computerized tool was developed to facilitate the individualization of teaching I tutoring within the LP curriculum, 
both within the traditional classroom and within my tutoring environment. Consult appendix 15 to see where to get a 
copy of this tool and to read instructions on how to utilize it. The following step-by-step description and menu 
screen shots will give the reader a good overview of how the tool functions. 
1. The following menu assists the user in utilizing the tool. Call it the V AK Main Menu. 
A T&L IIodel Based on Visual, Auditory & 
Kinesthetic Preferences & A VAK LSI 
A Introduction to a VAK LSI 
C tJays to Heasure VAK Styles 
E Results of LSI Interpreted 
G Default Preferences I PE I LS 
I Define Own PE 
B Explore VAK Learning Styles 
D Take a VAK LSI 
F Possible Presentation Elements 
H ID New Preferences I PE I LS 
J Define Preferences/Own PE/LS 
K PE/LS with Highest Preferences L Strategy to Acquire Info 
H Fuzzy IIodel 4 Better Strategy N Fuzzy Tutoring Strategy 
0 Hore Visual Strategies 
Q IIore Kinesthetic Strategies 
S References Consulted 
P Hore Auditory Strategies 
R Trainer/Teacher/Parent Tips 
T End VAK IIodeling Session 
2. Option A on the V AK Main Menu introduces the user to the concept of visual, auditory and kinesthetic 
learning styles and the fact that each individual has a preferences for one, or a combination, of these styles. 
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3. Option B on the V AK Main Menu allows the user to explore the visual, auditory and kinesthetic preferences 
and to compare the various characteristics of each. The follow menu is displayed. Call it V AK Submenu 1. 
4. Options 1 to 4 on this menu allows the user to study short descriptions of the V AK styles with regard to a list of 
15 typical everyday activities, for example, how each of the styles give and take directions, how they relate to 
others, which words they use, how they dress and how they remember. The following menu (V AK Submenu 2) 
guides the user through this process. 
5. A number of learning style inventories exist that measure one's preference for the visual, the auditory and the 
kinesthetic. I have chosen to use the one developed by the Honolulu Community College in Hawaii to 
individualize tutoring within my conceptual framework I guide a human teacher in one-on-one tutoring sessions 
with students. Of all the V AK LSI's I studied, it is the one with the greatest focus on the classroom and learning 
in general. It is activated by selecting option D on the V AK Main Menu. Four others are described and 
administered in option C on the V AK Main Menu. 
6. The following menu (V AK Submenu 3) is activated when option C on the V AK Main Menu is chosen. 
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More hlays to Determ~ne Your V~sual, 
Aud~tory & K~nesthet~c Pre~erences 
1 Dunn's LSI: VAK D~mens~ons 
2 Rose's Pre~erred Senses Test 
3 Results o~ Ro~'s PS Test 
.q AVT./K learn~nr+Style Inventory 
5 Results o~ AVT/K LSI 
6 V~sual ~zer-Verbal ~zer Q (V\lQ) 
7 Return to VAK Model o~ T&L 
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It presents four methods to determine the user's YAK preferences: , namely Dunn's LSI (option 1), Rose's 
Preferred Senses Test (option 2), the AVT/K LSI from the Wisconsin Centre on Education and Work (option 4) 
and the Visualizer-verbalizer Questionnaire (option 6). 
7. Option 1 on V AK Submenu 3 administers Dunn's LSI to the user and presents the user's preferences for 18 
elements, including visual, auditory and kinesthetic learning styles. The following menu (V AK Submenu 4) 
guides the user through this process. 
8. Option 2 on V AK Submenu 3 allows the user to take Rose's Preferred Senses Test, and option 3 enables 
her/him to view the results thereof. 
9. Option 4 on VAK Submenu 3 allows the user to take the A VT/K LSI, and option 5 enables her/him to view the 
results thereof. 
10. Option 6 on V AK Submenu 3 administers the Visualizer-Verbalizer Questionnaire to the user and displays the 
results thereof. 
11. Option D on the V AK Main Menu administers the V AK LSI from the Honolulu Community College in Hawaii. 
The results thereof (dominant, secondary and tertiary preferences) are displayed when option E is selected. 
12. Option F on the VAK Main Menu lists the default presentation elements which are used within my tutoring 
environment to construct a tutoring strategy. In the M.A.S.T.E.R. method they are used inter alia to facilitate the 
user in acquiring the information. The reader may, however, decide to construct a tutoring strategy for his own 
environment that contains another set of presentation elements. Options I and J were included for this purpose. 
13. Option G on the V AK Main Menu lists for each of the default presentation elements the degree to which it is 
compatible with (or suitable for) each of the 3 V AK learning styles. The "facility to build mind maps" 
presentation element may, for example, be "most" compatible with the kinesthetic learning style, but have only a 
"less" degree of compatibility with the visual and auditory styles. 
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14. The user may use option H on the V AK Main Menu if (s)he is not completely satisfied with these default 
degrees of compatibility between presentation elements and V AK styles. (S)he may now defme new degrees of 
compatibility I suitability for each ofthe presentation elements and learning styles. 
15. Option I on the V AK Main Menu allows the user to defme her/his own set of presentation elements. At least 
15 should be provided. Only these elements will be included in the tutoring strategy which will be 
recommended for such a user in options J and N. 
16. The user who chooses to defme her/his own set of presentation elements, must use option J on the V AK Main 
Menu to also defme degrees of compatibility of these presentation elements with the 3 V AK styles. 
17. Option K on the V AK Main Menu lists for each of the 3 V AK styles the presentation elements which are 
strongly associated with it, i.e. those which have a compatibility rating between 7 and 9. These associations play 
an important role in constructing the tutoring strategy which will be displayed when option L is activated. This 
strategy is compiled with the aid of the approach that was sketched and illustrated in the previous two sections 
(5.4 and 5.5). 
18. The resulting tutoring strategy is displayed when option L on the V AK Main Menu is selected. 
19. Options M and Non the V AK Main Menu are not discussed here. It will only be discussed in the next chapter 
after a fuzzy approach towards tutoring has been introduced. 
20. Option 0 on the V AK Main Menu lists a number of visual strategies that could be used by a learner to acquire 
information within the framework of the M.A.S.T.E.R. method of teaching and learning. It includes learning 
maps, visualization, drawing and highlighting. 
21. Option P on the V AK Main Menu lists a number of auditory strategies that could be used by a learner to 
acquire information within the framework of the M.A.S.T.E.R. method of teaching and learning. It includes 
dramatic readings, summarizing aloud, tape recording, and question and answering sessions. 
22. Option Q on the V AK Main Menu lists a number of kinesthetic strategies that could be used by a learner to 
acquire information within the framework of the M.A.S.T.E.R. method of teaching and learning. It includes 
making notes on index cards, writing, learning in groups and ticking off parts of study material already 
mastered. 
23. Option R on the V AK Main Menu contains tips for trainers I teachers on how to accommodate all 3 V AK 
learning styles in the classroom and hints for parents on how they could help their children help themselves by 
making full use of all three of the V AK styles. 
24. If the user wants to see which references were consulted in compiling this teaching I tutoring and learning 
assistant, (s)he must select option S on the V AK Main Menu. V AK Submenu 4 is displayed. 
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The user can use this menu to investigate which books, papers, WWW links and software packages were used in 
setting up this teaching /tutoring and learning assistant. 
5.7. Searching Out the Meaning with the Aid of Multiple Intelligences- A Procedure 
The presentation elements listed in section 1.3 are used in this procedure. Some of them are defined as capable 
presentation elements - this means that they are able to present a complete lesson on a specific topic. Examples 
include theoretical readings, step-by-step tutorials, mind map presentations and teaching games. Presentation 
elements not capable of presenting a complete lesson include diagrams, flowcharts and descriptions. The elements 
from the artificial psychologist· are also integrated in the proposed tutoring strategies, because they are judged to be 
necessary in the context of searching out the meaning of information within the M.A.S.T.E.R. method. The 
following procedure is followed in determining a tutoring strategy: 
a) Obtain a description of the student's profile of intelligences by administering a Multiple Intelligence Quiz (Rose 
& Nicholl, 1997). Rank the 8 intelligences for the student from the most dominant to the least dominant one. 
b) Associate presentation elements (including elements from the artificial psychologist) with the various 
intelligences in Gardner's theory of multiple intelligence. 
A thorough study of the likely traits of the various intelligences (appendix 6, section 8.2), hints on how to 
strengthen the various intelligences for learning (appendix 6, section 8.3), advice on using the various 
intelligences to explore what one is learning (appendix 6, section 8.6), and a proper understanding of the 
functions of each presentation element within my tutoring environment, guided me in making the following 







A Point-and-Query Interface based on QUEST model; Mind Map Presentation; 
Facility to Build Mind Maps; Explanations; Step Charts; Interactive Advisors; 
Examples; Theoretical Readings; Ask Stimulating Questions; Descriptions; 
Practical Readings; Teaching Games; Case Studies; Word Processor I 
Joumaling; WWW Exploration ofLP. 
Computerized Adaptive Testing; Computerized Problem Solver I Spreadsheets I 
Environment for calculations; Explanations; Step Charts; Monitoring Systems; 
Step-by-step tutorials; Examples; Demonstrations; Drill-and-practice exercises; 
Ask Stimulating Questions; Navigation facility; Teaching Games; Opportunity to 
reflect/think; Artificial Psychologist: Goal Setting. 
A Point-and-Query Interface based on QUEST model; Mind Map Presentation; 
Facility to Build Mind Maps; Flowcharts; Demonstrations; Diagrams; Teaching 
Games; Artificial Psychologist: Goal Setting; Animation I graphics; WWW 
Exploration ofLP. 
Theoretical Readings; Practical Readings; Cooperative Learning Activities; 
Artificial Psychologist: Motivation; Artificial Psychologist: Study Habits; 
Artificial Psychologist: Emotions; Software supporting role playing I also music. 
Mind Map Presentation; Facility to Build Mind Maps; Cooperative Learning 
Activities; Teaching Games; Opportunity to reflect/think; Artificial Psychologist: 
Study Habits; Artificial Psychologist: Emotions; Animation I graphics; Software 
supporting role playing I also music; WWW Exploration ofLP. 
Computerized Problem Solver I Spreadsheets I Environment for calculations; 
Demonstrations; Cooperative Learning Activities; Teaching Games; Artificial 
Psychologist: Study Habits ; Software supporting role playing I also music. 




Ask Stimulating Questions; Opportunity to reflect/think; Artificial Psychologist: 
Motivation; Artificial Psychologist: Study Habits; Artificial Psychologist: Goal 
Setting; Artificial Psychologist: Emotions; Word Processor I Journaling. 
A Point-and-Query Interface based on QUEST model; Mind Map Presentation; 
Facility to Build Mind Maps; Flowcharts; Demonstrations; Diagrams; Ask 
Stimulating Questions; Teaching Games; Opportunity to reflect/think; Artificial 
Psychologist: Goal Setting; Animation I graphics; WWW Exploration ofLP. 
c) Identify the presentation elements from the lists in (b) that are most likely to be preferred by the student, i.e. 
select all those presentation elements that are associated with the student's top intelligences, as was determined 
in (a) above. Rank them from most preferred to least preferred. Use the dominance rating of the various 
intelligences to determine this order. 
d) Identify the capable presentation elements which are part of the list of presentation elements that was compiled 
in step (c) . Select the one with the highest rating and include it in the student's tutoring strategy. 
e) Include the "generic questioning" and the "computerized adaptive testing" presentation elements as essential 
elements within the proposed tutoring strategy. 
f) Select the five presentation elements with the highest ratings from the list compiled in (c), and include them in 
the tutoring strategy under the heading "Other Presentation Elements". Exclude capable and artificial 
psychologist elements from this selection. 
g) Select the two presentation elements from artificial psychologist with the highest ratings from the list compiled 
in (c), and recommend that they be included in the tutoring strategy. Place them under the heading "Elements 
from the Artificial Psychologist". 
h) List the remaining presentation elements among the top ten from the list compiled in (c) that have not been used 
thus far, and include them under the heading "More Highly Rated Presentation Elements". 
The next section is used to illustrate this procedure. 
5.8. A Multiple Intelligence Based Approach to Tutoring - The Assistant in Action 
Description of the student 
A hypothetical student took the Multiple Intelligence Quiz. The quiz ranked the student's intelligence as follows 
(from most dominant to least dominant): Bodily-Kinesthetic, Interpersonal, Naturalist, Visual-Spatial, Intrapersonal, 
Linguistic, Musical and Logical-Mathematical. 
A list of presentation elements 
The presentation elements associated with the bodily-kinesthetic- and interpersonal intelligences are therefore mostly 
preferred by the student (step c), and those associated with the musical and logical-mathematical, least. 
Determine an Individualized Tutoring Strategy 
Execute steps d, e, f, g and h to obtain the following tutoring strategy: 
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Recommended Tutoring Strategy 
Capable Presentation Element 
Mind Map Presentation 
Essential Presentation Elements 
Computerized Adaptive Testing 
Generic Questioning 
Other Presentation Elements 
Opportunity to reflect/think 
Facility to Build Mind Maps 
Animation I graphics 
Cooperative Learning Activities 
Computerized Problem Solver I Spreadsheets I Environment for calculations 
Elements from the Artificial Psychologist 
Artificial Psychologist: Study Habits 
Artificial Psychologist: Emotions 
More Highly Rated Presentation Elements 
WWW Exploration of LP 
Software supporting role playing I also music 
Teaching Games 
5.9. The Assistant in Action: What the User Sees 
162 
A computerized tool was developed to facilitate the individualization of teaching I tutoring within the LP curriculwn, 
both within the traditional classroom and within my tutoring environment. Consult appendix 15 to see where to get a 
copy of this tool and to read instructions on how to utilize it. The following step-by-step description and menu 
screen shots will give the reader a good overview of how the tool functions . 
1. The following menu assists the user in utilizing the tool. Call it the MI Main Menu. 
I!odels o:f Teach- & Learning Based on 
the Theory of Multiple Intelligences 
A Multiple Intelligence Theory B Administer a MI Quiz 
C Results of Quiz Interpreted D Kiosk Info on 8 Intelligences 
E Possible Presentation Elements F Map Elements On Intelligences 
G Recorronended Tutoring Strategy 
I Goal&Constraints&Alternatives 
K Satis:faction Levels 
M Balanced Recommendation 
0 Technolo~fY in Education 
Q End Consultation Session 
H Fuzzy Description of Student 
J Importance Levels 
L Fuzzy Model: Tutoring Strategy 
N MI Theory and Technology 
P References Consulted 
2. Option A on the MI Main Menu introduces the user to Gardner's theory of multiple intelligence, briefly 
describes each of his eight intelligences and explains how the theory should be applied in the classroom. . 
3. Options B on the MI Main Menu enables the user to take a MI quiz (see appendix 6, section 8.1).and 
determines his preferences for the various intelligences. 
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4. Options C on the MI Main Menu provides a description of the student in terms of his preferences for the 
various intelligences (determined in option B). The user's 8 intelligences are listed from the most to the least 
dominant. 
5. Option Don the MI Main Menu activates the following submenu (MI Submenu 1) that provides the user with 
kiosk information on Gardner's 8 intelligences: 
Kiosk Information On & Teach-/Learning 
Guidelines "l Uultiple Intelligences (~II) 
A Linguistic Intelligence 
C Visual Spatial Intelligence 
E Bodily-Kinesthetic Intelli-
G Intrapersonal Intelligence 
I Return to UI Uodel of T & L 
B Logical-Uathematical Intelli-
D Ilusical Intelligence 
F Interpersonal Intelligence 
H Naturalist Intelligence 
6. This menu guides the student in its exploration of the 8 intelligences. Options A to H on MI Submenu 1 
activate~ the following menu (MI Submenu 2): 
Kiosk In.forruation. On. & Teach-/Learning 
Guidelines 4 Linguistic Intelligence 
1 Possible Descriptions 2 Likely Traits 
3 Learning Elements 4 COinmonly Found In ... 
5 Exaruple of Fawous Person 6 Explorat.ion 
7 Ret urn to IH Henu 
7. Options 1 to 6 on MI Submenu 2 allow the user to explore a specific intelligence: See possible descriptions 
thereof, study its traits and learning elements, notice where it is commonly found, learn about a famous person 
who had this specific intelligence as his dominant one, and explore which learning strategies are often found in 
this intelligence. 
8. Option E on the MI Main Menu lists the default presentation elements which are used within my tutoring 
environment to construct a tutoring strategy. 
9. Option F on the MI Main Menu lists the presentation elements which are most strongly associated with each of 
the 8 intelligences. Eight groups of presentation elements are provided - one for each intelligence. The group 
associated with the user's most dominant intelligence is provided first, and the group associated with her/his 
least dominant intelligence last. These associations play an important role in constructing the tutoring strategy 
which will be displayed when option G is activated. This strategy is compiled with the aid of the approach that 
was sketched and illustrated in the previous two sections. 
I 0. The resulting tutoring strategy is displayed when option G on the MI Main Menu is selected. 
11. Options H, I, J, K, L, and M on the MI Main Menu are not discussed here. It will only be described in the next 
chapter after a fuzzy approach towards tutoring has been introduced. 
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12. Option N on the MI Main Menu provides hints on how technology could be matched to the theory of multiple 
intelligences: Word processors could, for example, be utilized by the linguistic intelligence, paint- and draw 
programs by the visual-spatial, calculators and computer programming software by the logical-mathematical, 
animations by the bodily-kinesthetic, and so forth. 
13. Option 0 on the MI Main Menu provides the user with the opportunity to consider a number of applications of 
popular computing programs in ways which are friendly to students' learning styles. Presentation software like 
Powerpoint, electronic mail, database programs, programmed instruction, encyclopedia collections, simulations, 
guided instruction and the internet are some of the examples that are discussed. 
14. If the user wants to see which references were consulted in compiling this teaching I tutoring and learning 
assistant, (s)he must select option P on the MI Main Menu. MI Submenu 3 is displayed. 
The user can use this menu to investigate which books, papers, WWW links and software packages were used in 
setting up this teaching I tutoring and learning assistant. 
5.10. Computerizing the Complete M.A.S.T.E.R. Method within My Conceptual 
Framework 
It is envisioned that all six steps of the MAS.T.E.R. method will be incorporated in future full-scale implementations 
of my conceptual framework. I have already shown how the "Acquiring the Information" and "Searching Out the 
Meaning" steps can be computerized, individualized and included within my framework (the "A" and "S" in 
M.A.S.T.E.R) . In chapter 9 I will show how the teaching of thinking can also be computerized and individualized 
(by means of either a learning style- or (preferably) a thinking style based approach) and how it could assist the 
system in facilitating the "Exhibiting what you know" step within my conceptual framework (the "E"' in 
M.A.S.T.E.R). The student will be challenged to apply some of De Bono's thinking tools and some of his thinking 
games to topics from the LP curriculum. The Memory Explorer from CAMP FILE 2005 (see chapter 5) actually is 
an implementation of the "Triggering your memory" step (the "T" in M.A.S.T.E.R), and the recommendations from 
Dunn's LSI can help the student to get motivated, create his optimal learning environment and consequently get in 
the right state of mind (the "M" in M.A.S.T.E.R). 
A so-called "Teaching and Learning (T & L) Reflector" will also be developed to implement the "Reflect on Your 
Learning" step (the "R" in M.A.S.T.E.R). It will allow the user to reflect on her/his learning experience by 
evaluating the usefulness of the tutoring strategy that was recommended by one of the teaching/tutoring and learning 
assistants. The user will be able to modify this strategy - (s)he may request the inclusion of more presentation 
elements and/or the exclusion of some of the recommended ones. The T & L Reflector will also contain modules 
for electronic teaching and learning journals, and personal progress plans (incorporated in the "Everyday Time 
Management System" of CAMP FILE 2005) .. 
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6. Teaching- and Learning Assistants Based on Felder and Silverman's 
Model 
6.1. Felder and Silverman's Model of Teaching and Learning 
Felder and Silverman (1988) developed a learning style- and a corresponding teaching style model that classifies 
students according to where they fit on a number of scales pertaining to the ways they receive and process 
information. The teaching style model classifies instructional methods according to how well they address the 
proposed learning style components. 
According to Felder and Silverman (1988) a student's learning style may defmed in large part by the answers to the 
following five questions: 
I. What type of information does the student preferentially perceive: sensory (external) - sights, sounds, physical 
sensations, or intuitive (internal) -possibilities, insights, hunches? 
2. Through which sensory channel is external information most effectively perceived: visual - pictures, diagrams, 
graphs, demonstrations, or auditory - words, sounds. Other sensory channels like touch, taste and smell are 
relatively unimportant in most educational environments. 
3. With which organization of information is the student most comfortable: inductive - facts and observations are 
given, underlying principles are inferred, or deductive - principles are given, consequences and applications are 
deduced? 
4. How does the student prefer to process information: actively - through engagement in physical activities or 
discussion, or reflectively - through introspection? 
5. How does the student progress toward understanding: sequentially - in continual steps, or globally - in large 
jumps, holistically? 
Similarly, they stated that teaching style may be deduced in terms of answers to five other questions: 
1. What type of information is emphasized by the instructor: concrete - factual, or abstract - conceptual, 
theoretical? 
2. What mode of presentation is stressed: visual - pictures, diagrams, films, demonstrations, or verbal - lectures, 
readings, discussions? 
3. How is the presentation organized: inductively - phenomena leading to principles, or deductively - principles 
leading to phenomena? 
4. What mode of student participation is facilitated by the presentation: active - students talk, move, reflect, or 
passive - students watch and listen? 
5. What type of perspective is provided on the information presented: sequential - step-by-step progression, or 
global - context and relevance? 
There are 32 (25) learning styles in the proposed conceptual framework (one, for example, is the 
sensory/visual/deductive/active/sequential style). 
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6.2. Possible Approaches to Implement Felder and Silverman's Model 
The logical way to implement this model of teaching and learning within a computer-based tutoring system, is to use 
Felder and Soloman's Index ofLearning Styles (described in section 2.2.10 of chapter 8 and in section 9 of appendix 
6) to frrst assess the student on the various dimensions of the model, and then to use this information to determine an 
individualized tutoring strategy for the student. 
When I first became interested in Felder and Silverman's model, however, Felder and Soloman's Index of Learning 
Styles had not then been published. I therefore had to design my own way to assess a student's preferences for the 
five dimensions of their modeL A comprehensive study of learning styles revealed that the combined results of 
Kolb's LSI, the MBTI test, the Visualizer-Verbalizer Questionnaire (VVQ) and the Study Preference Questionnaire 
(all described in chapter 8) could be used to assess the student on the various dimensions of the Felder and Silverman 
model. These LSI's identify 
• the type of information the student preferentially perceive - sensory or intuitive (MBTI); 
• the sensory channels through which he perceive external information most effectively - visual or auditory 
(VVQ) ; 
• the organization of information the student is most comfortable with - induction or deduction; 
• the way in which the student prefers to process information- active or reflective (Kolb); and 
• if the student progresses sequentially or holistically towards understanding (Study Preference Guide). 
Combined results of Kolb's LSI and the MBTI test are used to determine whether a student prefers an inductive or a 
deductive approach towards learning. 
My original implementation of Felder and Silverman's model is described in the next section (section 6.3) and the 
one that is based on Felder and Soloman's Index of Learning Styles in the section thereafter (section 6.4). A 
comparison of the two approaches are then made and the merits of each highlighted (section 6.5). 
6.3. My Original Approach 
6.3.1. Response Matrix of Tutoring Strategies 
A four dimensional response matrix was developed to defme appropriate tutoring strategies that fit the 32 learning 
styles of Felder and Silverman's model. Remember that combined results of Kolb's LSI, the MBTI test, the 
Visualizer-Verbalizer Questionnaire (VVQ) and the Study Preference Questionnaire are used to determine these 
learning styles. Each of these learning styles is mapped onto its corresponding tutoring strategy (same as the 
teaching strategies defined in section 6.1 ). Each tutoring strategy, in tum, is mapped onto a unique combination of 
operating modes from our system. These operating modes are then mapped onto specific presentation elements that 
are characteristic of these modes. 
A thorough study of the learning style characteristics associated with the above-mentioned four LSI's (see appendix 
6) revealed that students prefer either a structured, a moderately structured or an unstructured approach to teaching I 
tutoring. Felder and Silverman's model also states that students either prefer an inductive or a deductive approach 
towards teaching I tutoring. Combining these preferences results in 9 different teaching I tutoring modes. A full 
scale implementation of this model by means of the proposed response matrix will therefore have to accommodate 
these 9 main tutoring or operating modes: They are: 
• A structured tutoring mode following either an inductive, a deductive or a balanced inductive-deductive 
approach (implemented as learn-by-doing coaching (in traditional CBE fashion)); 
• a moderately structured tutoring mode following either an inductive, a deductive or a balanced inductive-
deductive approach (implemented as a structured EPSS or as a combination of an EPSS and learn-by-doing 
coaching), and 
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• an unstructured tutoring mode also following either an inductive, a deductive or a balanced inductive-deductive 
approach (implemented as an EPSS). 
Different combinations of the presentation elements that were defmed in the previous chapter on EPSS are used to 
implement these different tutoring modes. 
6.3.2. An Example of the Response Matrix in Action 
Consider the sensory I visual I deductive I active I sequential learning style, and suppose the student is learning how 
to use Dantzig's simplex method to solve simple LP problems. The corresponding tutoring strategy was found by 
consulting the response matrix. It is: concrete I visual I deductively I active I sequential. The tutor should therefore 
emphasize the factual, make liberal use of pictures, diagrams and demonstrations, present the material deductively, 
involve the student in the learning process and guide him through the learning material step-by-step. 
The response matrix indicates that the desired tutoring mode is a moderately structured one that follows a deductive 
approach towards the tutoring. The tutoring mode will make use of CAT-, generic questioning-, learn-by-doing 
coaching- and the EPSS-elements to assist the student. 
Generic questioning is used to generate unique material for usage by the other elements. CAT is used in the 
beginning of the session to assess the student's ability in using the simplex method (pre-modeling his knowledge), 
while the learn-by-doing coaching- and the EPSS-elements are used to conduct the actual tutoring. At the end, the 
CAT may again be used to monitor the student's progress. 
The sensory dimension is supported by the double tutoring feature presented by the usage of both the learn-by-doing 
coaching- and the EPSS elements (within the moderately structured approach). The learn-by-doing coaching 
provides a step-by-step explanation of the simplex method and some drill-and-practice exercises (sensor, sequential). 
Usage is also made of flowcharts (describing the solution process), demonstrations (problems generated by generic 
questioning are solved by the system) and guided practice activities (on case studies). It gets the student actively 
involved in the learning process. 
The student is also advised to consult the "How do I do it?", the "Teach me .. . ", the "Let me try ... ", and the "Why 
does it work like that?" options of the EPSS mode. The system will respond, in answer to the question "How do I 
do it?", with a description of the simplex method, with flowcharts and step charts illustrating the solution procedure, 
and with demonstrations of how it is used to solve LP problems; it will provide interactive coaching of the 
technique, and practice activities with feedback in responding to the "Teach me ... " request; it will provide lots of 
practice activities in answering the request "Let me try"; and it will explain the method by means of an example by 
activating a response to the "Why does it work like that?" question. 
A tutoring system based on the proposed response matrix has, as has been illustrated by the example above, the 
ability to support different learning and tutoring styles. A description of how the different modes accommodate 
different learning styles is given in the next section. A procedure that implements this response matrix based 
approach are outlined in section 6.3.5 . 
6.3.3. Accommodating Different Learning Styles 
The structured approach towards tutoring (implemented as a learn-by-doing coach; almost traditional CBE) is 
especially valuable in supporting students with a low aptitude and who need explicit structure, frequent repetition 
and frequent reinforcement. Its ability to provide step-by-step tutorials benefits the "serialist" learner (preferring the 
sequential route to understanding) and its detailed explanation facility the "verbalizer" (auditory preference). It, 
however, also supports the visual by supplying graphs and flowcharts, involves the student by means of interactive 
drill-and-practice exercises, asks demanding questions requiring some reflection, and supports both a deductive and 
inductive explanation facility (teaching LP from different perspectives). 
Students will appreciate the freedom the unstructured approach towards tutoring (implemented as an EPSS) offers 
them to control their own path and pace through the curriculum and to time their assessment to their convenience. 
Stellenbosch University  https://scholar.sun.ac.za
168 
"Holistic" learners who love discovery learning and simulations will fmd the EPSS mode extremely appealing (those 
preferring the global route to understanding). It provides the learner with a variety of learning events to choose from 
and enables the student to construct his own learning experience. 
A special point-and-query interface, a CAT procedure, a computerized problem solver, a generic questioning module 
and a computer mind mapping facility were used together with routines for explanations, flowcharts, step charts, 
monitoring systems, interactive advisors and coaching modules to implement the EPSS. It represents the system's 
response to questions and requests directed at it by the student. The student can (in utilizing the EPSS) actually 
choose whether he wants the tutor to emphasize factual or theoretical material, whether it should stress the visual 
(diagrams, flowcharts and demonstrations) or the verbal (readings), whether the subject should be explained by 
going from phenomena to principles (inductively) or the other way around (deductively), and whether he should be 
engaged actively (through physical activity) or reflectively (through introspection) processing information. 
The student model and the tutorial module in the EPSS serve as an advisor to the student in so far as it informs him 
of the best possible paths to take in the learning proc~ss . Flexible learner control, however, allows the student to 
take whichever direction he wants to; not necessarily the one recommended by the system. 
A particular efficient learning environment is generated in the process: It builds a cognitive model of the user, it 
provides a concrete learning experience, it accommodates different learning styles and is completely learner 
controlled. 
Students of all ability levels and all learning styles are serviced by both the generic questioning- and the CAT 
procedures. CATs are used by both the EPSS-, and the learn-by-doing coaches. It is used specifically for building a 
model of the user (e.g. in pre-modeling to determine a student's entering level) and for assessing a student on a 
specific subject area. "Holistic" learners will come across it when selecting the "Evaluate me ... " request in the 
EPSS-mode, while "serialist" learners will be assessed by it when undertaking a step-by-step tutorial. 
6.3.4. La Haye's Temperament Test 
A computerized temperament test (based on Tim la Haye's work (LaHaye, 1984)) is also administered and used to 
decide which elements from artificial psychologist should be presented to the student. See section 4 of appendix 6. 
The aim of these elements is to help the student focus on the learning task by controlling her/his positive and 
negative emotions, by assisting her/him with goal setting and motivation, and by helping her/him to overcome 
procrastination. The test is also used to select a tutoring strategy that corresponds with the student's temperament 
(keeping in mind his preferred learning style). These tests are particularly helpful in pre-modeling the student, i.e. 
before an official tutoring session takes place. 
6.3.5. A Procedure to Select a Tutoring Mode and Appropriate Presentation Elements (Based on the 
Response Matrix) 
The following procedure was designed for selecting a tutoring mode and appropriate presentation elements matching 
a student's preferred learning style: 
1. Obtain a description of the student's preferred learning style by administering 
a. Kolb's LSI; 
b. A MBTI test; 
c. LaHaye's temperament test; 
d. The visualizer verbalizer questionnaire; and 
e. The study preference questionnaire. 
2. Identify and prioritize needs, avoidances and preferences of the student. Use the classification obtained in ( 1) for 
this purpose. 
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3. Map these learning elements (needs, avoidances and preferences) on the model of teaching and learning. Also 
decide which categories of learning elements are to be used to select appropriate presentation elements, and 
which are going to be used to select an appropriate tutoring mode. 
4. Use results from research in learning style theory and the student's classification (obtained in (1) and (3) above) 
to determine the most appropriate tutoring mode. Also select appropriate elements from the Artificial 
Psychologist to fulfill possible psychological needs. The contents of the "Artificial Psychologist" are provided 
in appendix 7. 
5. Map the needs, avoidances and preferences identified in (3), together with their priorities, on specific 
presentation elements. 
6. Construct a tutoring strategy by selecting a fixed number of presentation elements. Factors to consider when 
selecting these elements are the availability of a specific presentation element for the teaching of a particular 
subject, and very importantly, the ability of a selected presentation element to effectively communicate the 
contents of a specific module. 
6.3.6. Illustrating the Procedure 
1. Description of the Student's Preferred Learning Style 
Consider a hypothetical student with the following classification: 
Classification According to Kolb's LSI 
Assimilator 
Classification According to MBTI Test 
Introvert with intuition, thinking and perception preferences. 
Classification According to LaHaye's Temperament Test 
MelChior 
Classification According to Visualizer Verbalizer Questionnaire 
Verbal Preference 
Classification According to Study Preference Questionnaire 
Global Preference 
2. A List of Prioritized Needs, Avoidances and Preferences 
A complete list of learning needs, preferences and avoidances that are generated by the system are listed in sections 2 
to 6 of appendix 6. Only those that are applicable to the hypothetical student's classifications are considered They 
are listed below: 
Preferences are assigned, because of our student's classification as an assimilator, to the following learning 
elements: 
Need Expert Interpretation By Teacher, Need Guidance From Teacher, Need Lecturing, Need Logs, Need 
Discussion, Need Brainstorming, Need Thought Questions, Need Rhetorical Questions, Need Journals, Need For 
Listening, Need For Watching, Avoid Classroom Participation, Avoid Task Orientation, Need Case Studies, Need 
Thinking Alone, Need Theory Readings, Need Lectures, Need Papers, Need Model Building, Need Projects, Need 
Analogies, Need Project Proposals, Need For Creating Ideas, Need For Thinking, Avoid Group Exercises, Avoid 
Personalized Feedback, Avoid Modeling OfTeachers, Avoid Sharing Of Feelings On Subject, Avoid Dealing With 
Here And Now Info, Avoid Simulations, Avoid Need To Be Self Directed, Prefer Reflection In Learning Situations, 
Avoid Dialogue And Interaction, Prefer Working Individually, Need Time For Internal Processing, Need Solitude, 
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Need For Autonomy, Need For Imaginativeness, Need Theoretical Orientation, Prefer Work On Own Initiative, 
Need Non Required Reading, Need Time Management, Need To Find Own Way In Material, Prefer Reading, Need 
Intellectual Stimulation, Prefer Tasks Requiring Insight, Prefer Tasks Requiring Grasping Of General Concepts, 
Prefer Tasks Requiring Imagination. 
Preferences are assigned, because of our student's classification as an introvert, to the following learning 
elements: 
Prefer Reflection In Learning Situations, Avoid Dialogue And Interaction, Prefer Working Individually, Need Time 
For Internal Processing, Need·Solitude. 
Preferences are assigned, because our student has an intuition preference, to the following learning elements: 
Need For Autonomy, Need For Imaginativeness, Need Theoretical Orientation, Prefer Work On Own Initiative, 
Need Non Required Reading, Need Time Management, Need To Find Own Way In Material, Prefer Reading, Need 
Intellectual Stimulation, Prefer Tasks Requiring Insight, Prefer Tasks Requiring Grasping Of General Concepts, 
Prefer Tasks Requiring Imagination. 
Preferences are assigned, because our student has a thinking preference, to the following learning elements: 
Prefer Logical Organization Of Material, Prefer Logical Organization Of Teacher, Prefer Business Like Approach 
To Material, Prefer Business Like Approach To Teacher, Prefer Formal Lectures, Prefer Study Of Objective 
Material. 
Preferences are assigned, because our student has a perception preference, to the following le.arning elements: 
Need Change, Need Working Flexibly, Need Autonomy, Prefer Impulsivity, Prefer Unstructured Learning, Prefer 
Informal Learning, Prefer Tactile Learning, Need Discovery. 
The learning preferences associated with different type combinations are also taken into consideration. Preferences 
are therefore also assigned to the following learning elements: 
Need Serious Reading, Need Tutorials, Need Independent Study, Need Systematically Organized Courses, Need 
Organized Teacher Lectures, Need Self Instruction, Need Reading, Need Systematically Organized Courses, 
Need Low Structure, Need Inductive Instruction. 
Preferences are also assigned, because of our student's classification as MelChior, to the following learning 
elements: 
Need For Additional Reading Material, Need For Further Exploration, No Need For Organization, Need Questions 
Answered, Need For Charts Diagrams Graphs, Need Big Picture, Need Focussing On Tasks At Hand. 
The Visualizer Verbalizer Questionnaire determined that our student prefers verbal information. Learning elements 
should therefore be chosen accordingly. 
The classification of the Study Preference Questionnaire will be used to select an appropriate tutoring mode. 
3. Map Learning Elements On Our Model of Teaching and Learning 
All the learning elements are now mapped onto our model of teaching and learning. They will therefore be classified 
into the following categories: 
1. Structured Presentation of Learning Material 
2. Unstructured Presentation of learning Material 
3. Moderately Structured Presentation of Learning Material 
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4. Active Learning Style 
5. Reflective Learning Style 
6. Sensory Preference 
7. Intuition Preference 
8. Inductive and Deductive Approach to Learning 
9. Visual and Verbal Preferences 
10. Sequential and Global Preferences 
11 . Needs for Psychological Help 
Categories 4, 5, 6, 7, and 9 will be used to select presentation elements, while categories 1, 2, 3, 8 and 10 will be 
used primarily to select an appropriate tutoring mode. Category 11 will be used in the Artificial Psychologist 
Module. 
For the hypothetical student the resulting classification of elements into the different categories are as follows : 
Structured Presentation of Learning Material 
Prefer Logical Organization of Teacher, Prefer Business Like Approach to Material, Prefer Formal Lectures, Prefer 
Study Of Objective Material, Need Organized Teacher Lectures. 
Unstructured Presentation of Learning Material 
Need Change, Need Working Flexibly, Need Autonomy, Prefer Unstructured Learning, Prefer Informal Learning, 
Need Discovery, Need Low Structure. 
Moderately Structured Presentation of Learning Material 
Need Systematically Organized Courses, Need Selflnstruction. 
Reflective Learning Style 
Need Expert Interpretation by Teacher, Need guidance from teacher, Need Lecturing, Need Logs, Need Discussion, 
Need Brainstorming, Need Thought Questions, Need Rhetorical Questions, Need Journals, Has a Need for Listening, 
Has a Need for Watching, Avoid Task Orientation, Need Case Studies, Need Time to Think Alone, Need Theory 
Readings, Need Lectures, Need Papers, Need Model Building, Need Projects, Need Analogies, Need Project 
Proposals, Need For Creating Ideas, Need for Thinking, Avoid Group Exercises, Avoid Classroom Participation, 
Avoid Personalized Feedback, Avoid Modeling of Teachers, Avoid Sharing of Feelings On Subject, Avoid Dealing 
with Here-and-now Information, Avoid Simulations, Avoid Need to be Self-directed, Prefer Reflection in Learning 
Situations, Prefer Working Individually, Need Time For Internal Processing, Need Solitude. 
Intuition Pref erence 
Need for Autonomy, Need for Imaginativeness, Need Theoretical Orientation, Prefer Work on Own Initiative, Need 
Non-required Reading, Need Time Management, Need to Find Own Way in Material, Prefer Reading, Need 
Intellectual Stimulation, Prefer Tasks Requiring Insight, Prefer Tasks Requiring Grasping of General Concepts, 
Prefer Tasks Requiring Imagination, Prefer Impulsivity, Prefer Tactile Learning, Need Serious Reading, Need 
Tutorials, Need Independent Study, Need Reading. 
Inductive Approach to Learning 
Need Inductive Instruction 
Visual and Verbal Preferences 
Verbal preference (Classification from Visualizer Verbalizer Questionnaire). 
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Sequential and Global Preferences 
Global approach towards tutoring (Classification from Study Preference Questionnaire). 
Needs for Psychological Help 
Need For Additional Reading Material, Need For Further Exploration, Need Focussing On Tasks At Hand. 
4. Select an Appropriate Tutoring Mode and Appropriate Elements from the Artificial Psychologist 
Unstructured Tutoring following an Inductive Approach towards Tutoring and implemented as an EPSS is 
recommended (global approach implies an unstructured approach within this model). 
The "Goal Setting" and "Explorer for the Gifted" elements from an Artificial Psychologist are also recommended. 
5. Mapping Learning Elements on Presentation Elements 
Note that only the following presentation elements are available in this system (unlike most of the other models 
which were developed later and within which more presentation elements were included): 
A Point-and-Query Interface Based on the Quest Model, Computerized Adaptive Testing, A Computerized Problem 
Solver, A Generic Questioning Module, A Computer Mind Mapping Facility, Explanations, Flowcharts, Step 
Charts, Monitoring Systems, Interactive Advisors, Step by-step Tutorials, Examples, Demonstrations, Diagrams, 
Theoretical Readings, Drill-and-practice Exercises, The Asking of Stimulating Questions, Descriptions, Pseudo-code 
for Procedure to Follow to Accomplish Task, Navigation Facility, Practical Readings, Cooperative learning, 
Teaching Games, Case Studies, and An Opportunity to Reflect/Think. 
Each of the learning elements identified above (in (2)) are now mapped, together with the hypothetical student's 
preferences for them, on to these presentation elements A few examples of these mappings are provided below. If 
the student has a preference for such a learning element, this preference is automatically carried forward to the 
presentation element. 
Example Mappings 
Need Small Group Discussion is mapped on Cooperative Learning; 
Need Activities To Apply Skills is mapped on Computerized Problem Solver; 
Need Simulations is mapped on Demonstrations; 
Need Examples is mapped on Examples; 
Need Personalized Feedback is mapped on Computerized Adaptive Testing; 
Need Problem Sets is mapped on Generic Questioning; 
Prefer Drill And Recitation is mapped on Drill-and-practice exercises; 
Prefer Teaching Games is mapped on Teaching Games; 
Need Demonstrations is mapped on Demonstrations; 
Need Expert Interpretation By Teacher is mapped on Explanations; 
Need Guidance From Teacher is mapped on Explanations; 
Need Lecturing is mapped on Step-by-step tutorials; 
Need Thought Questions is mapped on Ask Stimulating Questions; 
Need Case Studies is mapped on Case Studies; 
Need Thinking Alone is mapped on Opportunity to reflect/think; 
Need Theory Readings is mapped on Theoretical Readings; 
The classification from the Visualizer Verbalizer Questionnaire implies a preference for presentation elements 
emphasizing verbal instead of visual information. 
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As a result the following presentation elements are preferred by the hypothetical student: 
1. A Point-and-Query Interface based on QUEST model 
2. Computerized Problem Solver 
3. Generic Questioning 
4. Computer Mind Mapping Facility 
5. Explanations 
6. Monitoring Systems 
7. Interactive Advisors 
8. Step-by-step tutorials 
9. Examples 
1 0. Theoretical Readings 
11. Ask Stimulating Questions 
12. Descriptions 
13. Case Studies 
14. Opportunity to reflect/think 
6. Constructing a Tutoring Strategy 
Construct a tutoring strategy by selecting a fixed number of presentation elements. Factors to consider when 
selecting these elements are, like in the other assistants, the availability of a specific presentation element for the 
teaching of a particular subject, and very importantly, the ability of a selected presentation element to effectively 
communicate the contents of a specific module. 
Consider the modules and concepts of our curriculum. Associate with each an "availability", and a "capability" 
vector: The "availability" vector indicates which presentation elements are implemented, and therefore available, for 
that specific concept or module, and the "capability" vector indicates which presentation elements can be used to 
provide a complete "lesson" of that specific concept or module, and which not. 
A tutoring strategy is constructed by first selecting a "capable" presentation element, and then complementing it from 
the remaining presentation elements by selecting another four or five (hopefully those with the highest priorities 
(normally elements which are not capable to provide complete "lessons"). An additional, balanced presentation 
element is also recommended and essential presentation elements, like the computerized adaptive testing procedure, 
is automatically included. 
The following example illustrates this procedure: 
Suppose our student wants to learn how to build mathematical models of linear programming problems. 
The "Availability" vector associated with this module indicates that the following presentation elements are 
implemented and therefore available for selection: 
A Point-and-Query Interface based on QUEST model, Computerized Adaptive Testing, Computerized Problem 
Solver, Generic Questioning, Computer Mind Mapping Facility, Explanations, Flowcharts, Step Charts, Monitoring 
Systems, Step-by-step tutorials, Examples, Demonstrations, Diagrams, Theoretical Readings, Drill-and-practice 
exercises, Ask Stimulating Questions, Descriptions, Pseudo-code for procedure to follow to accomplish task, 
Navigation facility, Practical Readings, Teaching Games, Case Studies, and Opportunity to reflect/think. 
The following elements are not available: 
Interactive Advisors and Cooperative Learning. 
The "Capability" vector associated with this module indicates that the following presentation elements can provide 
a complete "lesson" on the building of mathematical models: 
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A Point-and-Query Interface based on QUEST model, Computer Mind Mapping Facility, Step-by-step, tutorials, 
Theoretical Readings, Teaching Games and Case Studies. 
Using the preferences from the previous section we are able to construct the following tutoring strategy: 
Capable presentation element 
Computer Mind Mapping Facility 
Other preferred presentation elements 
Explanations 
Ask Stimulating Questions 
Opportunity to reflect/think 
Examples 
Case studies. 
Essential presentation elements 
Computerized Adaptive Testing 
An additional, balanced presentation element 
Computerized Problem Solver 
Psychological help 
Artificial Psychologist: "Explorer for the gifted" 
Artificial Psychologist: Goal Setting 
Many other permutations are, however, possible. The methodology followed here will not and cannot tell us which 
of these are the optimal one. A modification is needed, possibly one that utilizes fuzzy technology. 
6.3.7. A Teaching I Tutoring and Learning Assistant 
Chapter 6, section 2.3 reported on Kolb's findings regarding the relationship between educational specialization and 
learning styles and on the relationship between convergers, assimilators, divergers and accommodators and the 
various dimensions of Jungian personality types. It was reported that: 
"Undergraduate business majors tend to have accommodative learning styles while engineering students tend to be 
convergent learners; those students majoring in history, english, political science and psychology tend to have 
divergent learning styles; and those students majoring in mathematics, economics, sociology and chemistry tend to 
have assimilative learning styles. Students majoring in physics are very abstract thinkers falling between the 
convergent end assimilative quadrants. 
Research done by Margerison and Lewis, reported in (Richter, 1992), demonstrated that sensation, as dominant 
function, is related to an accommodative learning style, while intuition, as a dominant function, is related to an 
assimilative learning style. Individuals having feeling as dominant function are divergent learners while being 
thinking dominant indicate convergent learners. It also became evident from self-descriptions that extraverts are 
active in learning situations while introverts are highly reflective." 
1. These findings motivated me to use the following menu as the starting point for a teaching I tutoring and 
learning assistant that is based on Felder and Silverman's model of teaching and learning. Call it FS Main 
Menu. 
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This menu allows the user to explore specific types of students. Typical engineering, science, business 
administration and educational students are analyzed. Four combinations of personality types, characteristic of 
each (according to the above quotation), are considered for each. The tutoring strategy for these students can 
also be viewed. Option A, for example, enables the user to explore the characteristics of an engineering student 
(most probably a converger according to Kolb's classification) who is classified by a MBTI test as an introvert I 
intuition I thinking I judgement type (thinking dominant). 
2. Any selection from FS Main Menu will activate the following menu, call it FS Submenu 1. 
-- ·- ------ ------- ------------ ·-------- --- -·-··-·-··· ----------- ... WJ'J'o.W~,~~~~~~ ... ~~~~~~~~~~~~~~·
~~~~~~~~~-c~<-C-C-N:-c-c-c-c-1-1-4:~~ 
3. Option 1 on FS Submenu 1 allows the user to view a description of the student that was chosen in the previous 
step. The student's classification according to Kolb's LSI, a MBTI test and La Haye's temperament test is 
displayed. 
4. Option 2 on FS Submenu 2 enables the user to explore the selected student's classification according to Kolb's 
LSI (see appendix 6, section 2.2). The following menu (FS Submenu 2) controls this process. 
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Only information applicable to the selected student is displayed. In the engineering student's case, this means 
that only the characteristics of the converger and the AC and AE modes are shown. 
5. Option 3 on FS Submenu 1 allows the user to explore the learning preferences of the selected student's 
psychological type. FS Submenu 3 facilitates this exploration. 
Only information applicable to the selected student is displayed. In the engineering student's case, this means 
that only the learning preferences of introversion, intuition, thinking and judgement are displayed. 
6. Option 4 on FS Submenu 1 allows the user to read, via FS Submenu 4, a description of the selected student's 
blend of temperament and the associated learning style elements. FS Submenu 4 is depicted below. 
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7. Option 5 on FS Submenu 1 lists the learning preferences of the selected student. The needs, preferences and 
avoidances of the student's classifications are listed. 
8. Random results were generated for the visualizer-verbalizer questionnaire and the study preference guide. The 
relevant learning style preferences associated with it, are also considered in compiling the selected student's 
complete model of teaching and learning. Option 6 on FS Submenu 1 lists the student's tutoring and learning 
strategies that match Felder and Silverman's model. All the relevant preferences are categorized and listed 
according to the 10 dimensions in Felder and Silverman's model. 
9. Option 7 on FS Submenu 1 provides the resulting tutoring strategy for the selected student. A specific tutoring 
mode and a set of presentation elements are recommended. 
10. This computer model can, like the others discussed so far, also be adapted to cater for individual students, but 
because of obvious shortcomings, discussed in a later section, it was not done. The assistant remains valuable, 
however, because it allows the user to associate specific strategies with specific types of students - a defmite 
need in the teaching ofLP that is taught in a wide variety of disciplines (including engineering, science, business 
administration and education!). 
6.4. An Approach Based on Felder and Soloman's Index of Learning Styles 
6.4.1. Introduction 
Another way to implement Felder and Silverman's model of teaching and learning within a computer-based tutoring 
system, is to use Felder and Soloman's Index of Learning Styles (described in section 2.2 .1 0 of chapter 6 and in 
section 9 of appendix 6) to first assess the student on the various dimensions of the model, and then to use this 
information to determine an individualized tutoring strategy for the student. The Index of Learning Styles assesses a 
student's preferences on four of the five dimensions of Felder and Silverman's model, namely the active/reflective. 
the sensing/intuitive, the visual/verbal and the sequential/global.. The fifth dimension, inductive/deductive, is not 
assessed by this instrument. A procedure that makes use of this Index of Learning Styles and determines an 
individualized tutoring strategy for a student within my tutoring environment was developed, and is provided in the 
next section. It forms the basis of a teaching I tutoring assistant that is illustrated in section 6.4.3. and demonstrated 
in section 6.4.4. 
6.4.2. A Procedure to Determine a Teaching I Tutoring Strategy 
The 35 presentation elements listed in section 1.3 are used in this procedure. Some of them are defmed as capable 
presentation elements - this means that they are able to present a complete lesson on a specific topic. Examples 
include theoretical readings, step-by-step tutorials and mind map presentations. Presentation elements not capable of 
presenting a complete lesson include diagrams, flowcharts and descriptions. The following procedure is followed in 
determining a tutoring strategy: 
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a) Obtain a description of the student's learning styles by administering Felder and Soloman's Index of Learning 
Styles. 
b) Associate presentation elements with the various dimensions of Felder and Silverman's model. 
A thorough study of the various dimensions of the model and a proper understanding of the functions of each 
presentation element within my tutoring environment, guided me in making the following associations between 
dimensions and presentation elements: 
Active Computerized Problem Solver I Spreadsheets I Environment for calculations; Facility to Build 
Mind Maps; Demonstrations; Cooperative Learning Activities; Teaching Games; Word Processor I 
Journaling; Software supporting role playing I also music. 
Reflective A Point-and-Query Interface based on QUEST model; Theoretical Readings; Ask Stimulating 
Questions; Opportunity to reflect/think; Word Processor I Journaling; WWW Exploration ofLP. 
Sensing A Point-and-Query Interface based on QUEST model; Computerized Problem Solver 
Spreadsheets I Environment for calculations; Explanations; Drill-and-practice exercises; 
Descriptions; Practical Readings; Teaching Games; Case Studies. 
Intuitive A Point-and-Query Interface based on QUEST model; Mind Map Presentation; Theoretical 
Readings; Ask Stimulating Questions; Opportunity to reflect/think; Software supporting role 
playing I also music; WWW Exploration ofLP. 
Visual Mind Map Presentation; Flowcharts; Examples; Demonstrations; Diagrams; Animation I graphics. 
Verbal Explanations; Step Charts; Theoretical Readings; Descriptions; Pseudo-code for procedure to 
follow to accomplish task; Practical Readings; Case Studies. 
Sequential Explanations; Step-by-step tutorials ; Descriptions; Case Studies. 
Global A Point-and-Query Interface based on QUEST model; Mind Map Presentation; WWW 
Exploration of LP. 
c) Identify the presentation elements from the lists in (b) that are preferred by the student, i.e. select all those 
presentation elements that are associated with the student's learning style, as was determined in (a) above. 
d) Obtain a description of the student's temperament by administering La Haye's temperament test. The results of 
this test will be used to select presentation elements which will accommodate the student's psychological needs. 
e) Associate presentation elements from the Artificial Psychologist with the various temperaments. 
A thorough study of the various temperaments and a proper understanding of the functions of each presentation 
element from the artificial psychologist, guided me in making the following associations between temperaments 





Motivation; Goal Setting. 
Study Habits; Goal Setting; Emotions. 
Goal Setting; Emotions. 
Motivation; Goal Setting; Procrastination. 
f) Identify the presentation elements from the lists in (e) that are preferred by the student, i.e. select all those 
presentation elements that are associated with the student's temperament, as was determined in (d) above. 
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g) Identify the capable presentation elements which are part of the list of presentation elements that was compiled 
in step (c). Select any one of them at random and include it in the student's tutoring strategy. 
h) Include the "generic questioning" and the "computerized adaptive testing" presentation elements as essential 
elements within the proposed tutoring strategy. 
i) Randomly select five presentation elements from the list compiled in (c), and include them in the tutoring 
strategy under the heading "Other Presentation Elements" . 
j) Randomly select two presentation elements from the list compiled in (f), and recommend that they be included 
in the tutoring strategy. Place them under the heading "Elements from the Artificial Psychologist". 
k) List the remaining presentation elements among the top ten from the list compiled in (f) that have not been used 
thus far, and include them under the heading "More Highly Rated Presentation Elements". 
The next section is used to illustrate this procedure. 
6.4.3. The Assistant in Action - An Example Session Behind the Scenes 
Description of the student 
A hypothetical student took the Index of Learning Styles. (S)he has an active I intuitive I visual I global learning 
style (step a) . The student also took LaHaye's temperament test. (S)he was classified as a SanPhleg (step d). 
A list of presentation elements 
The presentation elements associated with the active, intu1t1ve, visual and global learning styles are therefore 
preferred by the student (step c). The presentation elements from the artificial psychologist that are associated with 
the SanPhleg temperament blend are also associated with the student (step f). 
Determine an Individualized Tutoring Strategy 
Execute steps g, h, i, j and k to obtain the following tutoring strategy: 
Recommended Tutoring Strategy 
Capable Presentation Element 
Mind Map Presentation 
Essential Presentation Elements 
Computerized Adaptive Testing 
Generic Questioning 
Other Presentation Elements 
Animation I graphics 
Examples 
Diagrams 
Computerized Problem Solver I Spreadsheets I Environment for calculations 
A Point-and-Query Interface based on QUEST model. 
Elements from the Artificial Psychologist 
Artificial Psychologist: Motivation 
Artificial Psychologist: Goal Setting 
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Opportunity to reflect/think 
WWW Exploration of LP 
Flowcharts 
6.4.4. The Assistant in Action - What the User I Student Sees 
180 
A computerized tool was developed to facilitate the individualization of teaching I tutoring within the LP curriculum, 
both within the traditional classroom and within my tutoring environment. Consult appendix 15 to see where to get a 
copy of this tool and to read . instructions on how to utilize it. The following step-by-step description and menu 
screen shots will give the reader a good overview of how the tool functions. 
1. The following menu assists the user in utilizing the tool. Call it the Felder Main Menu. 
P. I!odel of Teaching & Learning Based on 
Felder, Silverman & Soloman's Research 
A Introducing t.he ILS&T&L Hodel B Administer ILS to the Student 
c Results of ILS Interpreted D Characterisctics of Learners 
E Possible Presentation Elements F Presentation Elem I Dimension 
G .~.dr~inister Temperax~ent Test H Learnin(;.( Styles & Temperaxuent 
I La Haye & Psycho logical Advice ,J Rec:orumended Tutor int;.r Strategy 
K Fuzzy Description of Student L Goals&Constraints&Alternatives 
H Importance & Satisfaction Lvls N Fuzzy Hodel: Tutoring Strategy 
0 Balanced Reccmae1endat ion P Story 1: Sensor vs Int ui tor 
Q Story 2: Seq vs Glc:.bal Learner R Advice 4 Traditional Teaching 
5 References Consulted T End Consultation Session 
2. Option A on the Felder Main Menu introduces the user to the Felder-Silverman model of teaching and learning 
and to the Index of Learning Styles of Soloman and Felder. 
3. Option B on the Felder Main Menu enables the user to take the Index of Learning Styles. The results thereof 
are displayed when option C is selected. The student's preferences for either the active or the reflective, either 
the sensory or the intuitive, either the visual or the verbal and either the sequential or the global are spelled out. 
4. Option D on the Felder Main Menu allows the user to explore characteristics of and self-help hints for active-, 
reflective-, sensing-, intuitive-, visual-, verbal-, sequential- and global learners. Hypertext presentations are 
used. 
5. Option E on the Felder Main Menu lists the default presentation elements which are used within my tutoring 
environment to construct a tutoring strategy. 
6. Option F on the Felder Main Menu lists the presentation elements which are associated with each of the 
dimensions of Felder and Silverman's model (active, reflective, sensing, intuitive, visual, verbal, sequential and 
global). It then continues by listing only these presentation elements which are associated with the user's 
classification. If the user is, for example, classified as a reflective, intuitive, visual, global Ieamer, only the 
presentation elements associated with these four types of learners are displayed. These associations play an 
important role in constructing the tutoring strategy which will be displayed when option J is activated. This 
strategy is compiled with the aid of the approach that was sketched and illustrated in the previous two sections. 
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7. La Haye's temperament test is used to determine which elements from the artificial psychologist should be 
included in the user's tutoring strategy (motivation, goal setting study habits, emotional help or ways to 
overcome procrastination). LaHaye's test is administered when option G on the Felder Main Menu is selected. 
8. The user can read descriptions of LaHaye's 12 temperament blends and see which learning style elements are 
associated with each of the four main temperaments (sanguine, choleric, melancholy and phlegmatic) by 
selecting option H on the Felder Main Menu. The following menu (Felder Submenu 1) will then assist the 










Descriptions of 12 Temperament Blends .~ 
Learning Styles of .q !-lain Temperaments 
Sanguine- Choleric: SanCho! 
Sanguine-Phle~nnat ic: SanPhleg 
Choleric-Helancholy: Chol!Iel 
He lancho 1 y-San~tuine: He!San 
He lancho 1 y-Phlegrnat ic: He lPhleo;_t 
Phlegrnat ic-Cho ler ic: PhlegChol 
Learning St.yles: Sano;ruine 
Learning St.yles: Helanccholy 













Phleg:mat H::-Sanguine: PhlegSan 
Phle•;;rmat ic-He lanchol y: Phlegi!e 1 
Learning Styles: Choleric 
Learnin~t Styles: Phlegrnat ic:: 
9. Option I on the Felder Main Menu lists the presentation elements from the artificial psychologist which are 
associated with each of the four main temperaments (sanguine, choleric, melancholy, phlegmatic). It then 
continues by listing only these presentation elements which are associated with the two temperaments which 
form the basis of the user's temperament blend. If the user is, for example, classified as a SanMel, only the 
presentation elements associated with the sanguine and melancholy temperaments are displayed. These 
associations play an important role in constructing the tutoring strategy which will be displayed when option J is 
activated. This strategy is compiled with the aid of the approach that was sketched and illustrated in the 
previous two sections. 
10. The resulting tutoring strategy is displayed when option J on the Felder Main Menu is selected. 
11 . Options K, L, M, N and 0 on the Felder Main Menu are not discussed here. It will only be discussed in the 
next chapter after a fuzzy approach towards tutoring bas been introduced. 
12. Option P on the Felder Main Menu tells the story of Stan and Nathan, the sensor and the intuitor, and their 
learning preferences. It is a reproduction of an article by R.M. Felder that appeared in volume 25 of Chemical 
Engineering Education. 
13. Option Q on the Felder Main Menu tells the story of Susan and Glenda, the sequential and the global learner, 
and their learning preferences. It is a reproduction of an article by R.M. Felder that appeared in volume 24 of 
Chemical Engineering Education. 
14. Option R on the Felder Main Menu allows the user to read about strategies that (s)he can follow in 
accommodating all learning styles in her/his teaching. A list of 10 tips is provided. 
15. If the user wants to see which references were consulted in compiling this teaching I tutoring and learning 
assistant, (s)he must select option S on the Felder Main Menu. Felder Submenu 2 is displayed. 
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The user can use this menu to investigate which books, papers, WWW links and software packages were used in 
setting up this teaching I tutoring and learning assistant. 
6.5. A Comparison of the Two Approaches 
In comparing the merits of these two approaches, I shall refer to my original approach (described in section 6.3) as 
the DuPlessis approach and to the one that is based on the Index of Learning Styles (described in section 6.4) as the 
ILS approach. The reader should keep in mind that the Du Plessis approach was developed prior to the publication 
of the Index of Learning Styles and totally independently from Felder and Soloman. The ILS approach was 
developed only after the other approaches in this chapter had already been implemented. Their generalisability 
actually led to the development of the ILS approach. 
Modeling within the Du Plessis approach is much more complex than in the ILS approach. A comparison of how 
presentation elements are associated with the various dimensions of the Felder Silverman model clearly shows this. 
The Du Plessis approach is also much more difficult and time consuming to implement. The fact that, in addition to 
the standard presentation elements, it also require the implementation of 9 operating modes, proves this. The ILS 
approach is simple, and easy to implement. 
The Du Plessis approach attempts to include all five dimensions of the Felder Silverman model whereas the ILS 
approach excludes the inductive/deductive dimension. The Du Plessis approach utilizes the presentation elements 
within specific tutoring modes (structured deductive, for example) whereas the ILS approach utilizes them as 
combinations within a recommended tutoring strategy. The ILS approach is in line with the other approaches 
described in this chapter and in that regard also contributes to the creation of a general theory for learning style based 
approaches. This theory will be proposed in section 7. 
One of the goals of this study is "To develop a so-called artificial mentor and -psychologist that could be integrated 
within the tutoring environment and could be used to provide psychological help and to integrate essential skills for 
the 21 st century within the learning environment". The Du Plessis approach provides more opportunities for the 
student to learn essential skills for 21 st century and to address this goal than the ILS approach. Apart from learning 
how to learn, the student can also learn in the Du Plessis approach via kiosks about Kolb's problem solving styles, 
Jungian personalities, and 12 blends of temperaments. The ILS approach provides less information in this regard-
compare the two teaching/tutoring and learning assistants that were demonstrated in sections 6.3.7 and 6.4.4. 
Taking the advantages and disadvantages of each into consideration, the ILS approach is probably the better one of 
the two to incorporate in new tutoring environments. 
7. A General Learning Style Based Approach Towards Individualized 
Tutoring 
The development of the above-described seven teaching/tutoring and learning assistants led to the development of 
the following theory for a learning style based approach towards individualized tutoring within intelligent learning 
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environments (computer- and human-based one-on-one tutoring situations). The theory will be formulated and 
illustrated with examples (from the descriptions above). 
7.1. The Theory 
Suppose m dimension, D 1. D2, •.. , Dm, are used to describe a student's learning style and that a set of learning style 
inventories, LSI-S, exists that can be used to determine a student's preferences for these dimensions. Further suppose 
that n presentation elements (PE's), PE~. PE2, ... , PEn, are available for inclusion in a student's tutoring strategy, and 
that p modes of instruction (MOl's) MOl~. MOI2, •.• MOIP (operating modes), are possible. Sets of presentation 
elements must be compiled as tutoring strategies and used within these MOl's I operating modes. The MOl's 
describe the global approach towards the tutoring session (structured inductive, for example). 
Some of the PE's should be defmed as capable presentation elements, i.e. they should be capable of presenting a 
complete lesson on a specific topic. Suppose there are r such PE's, call them CPE~. CPE2, ... , CPE,. Some of the 
PE's can also be defmed as essential presentation elements, i.e. they must be included in all tutoring strategies. 
Include them in a list called the Essential PE List. 
Also suppose that s elements from CAMP FILE 2005, CAMP~. CAMP2, ... , CAMP5, are available to provide the 
student with relevant psychological help, and that an inventory that determines a student's psychological profile, 
PPI, is available. Suppose that such a profile hast dimensions, MP 1, MP2, .•. , MP1• 
The following procedure can then be followed to individualize tutoring within intelligent learning environments: 
a) Obtain a description of the student's learning style by administering the appropriate set of learning style 
inventories (LSI-S). The results of the LSI-S describe the student's preferences for D 1 to Dm as either "Yes" or 
"No" - "Yes" means the student has a preference, and "No" means the student does not have a preference for it. 
b) Study the Dis and decide on a number of possible MOij's. Associate Di's with MOij's. Now use the student's 
"Yes" Dis to select a specific MOir The MOl with the largest number of"Yes" associations should be selected. 
The next 9 steps must be followed in order to construct a tutoring strategy. This strategy must consist of a set of 
PE's and CAMP's and should be used within the selected MOL 
c) Associate PEi's with the various Di's of the learning style model. Select the PEis from this list that are associated 
with "Yes" Di's. In other words, compile a list of presentation elements preferred by the student. Randomize the 
order of this list. Call it the Preferred PE List. 
d) Obtain a description of the student's psychological profile by administering the appropriate inventory (PPI). The 
results of this inventory describe the student's preferences for MP 1 to MP1 as either "Yes" or "No"- "Yes" means 
the student has a preference, and "No" meaning the student does not have a preference for it. 
e) Associate MPis with the various CAMPi's. Select the CAMPi's from this list that are associated with "Yes" 
MPi's. In other words, compile a list of presentation elements from the computerized artificial mentor and -
psychologist that are preferred/needed by the student. Randomize the order of this list. Call it the Preferred 
CAMP List. 
f) Identify the capable presentation elements which are part of the Preferred PE List. Select any one of them at 
random and include it in the student's tutoring strategy. 
g) Include the PE's in the Essential PE List within the proposed tutoring strategy. List them under the heading 
"Essential Presentation Elements". 
h) Select the top five presentation elements from the Preferred PE List, and include them in the tutoring strategy 
under the heading "Other Presentation Elements". 
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i) Select the top two presentation elements from the Preferred CAMP List, and recommend that they be included 
in the tutoring strategy. Place them under the heading "Elements from the Artificial Psychologist". 
j) List the remaining presentation elements among the top ten from the Preferred PE List that have not been used 
thus far, and include them under the heading "More Highly Rated Presentation Elements" . 
7.2. Illustrating the Procedure 
Illustrative examples of all the variables defmed in the above-described theory are given below. 
In my original approach towards the implementation of Felder and Silverman's model (section 6.3), LSI-S consists of 
Kolb's LSI, a MBTI test, La Haye's temperament test, the visualizer-verbalizer questionnaire and the study 
preference questionnaire. In the approach that is based on Felder and Soloman's Index of Learning Styles (section 
6.4), LSI-S consists of only Felder and Soloman's Index of Learning Styles. 
Active, reflective, sensing, intuitive, visual, verbal, sequential and global are used as D1 to D8 in section 6.4 - the 
implementation of Felder and Silverman's model that is based on Felder and Soloman's Index of Learning Styles. 
The presentation elements listed in section 1.3, or subsets thereof, are used as PE 1 to PEn in all of the above 
described teaching/tutoring and learning assistants. 
All the teaching/tutoring and learning assistants, except the one that is based on my original approach towards Felder 
and Silverman's model, have only one MOl, that is an unstructured approach within which a specific tutoring strategy 
is recommended for the student - (s)he may select PE's from this strategy as (s)he likes. In my original approach 
towards the implementation of Felder and Silverman's model, however, 9 MOl's are possible. Examples include a 
structured, deductive approach or a moderately structured inductive approach (see section 6.3.1). 
Examples of CPE's may include "mind map presentation", "step-by-step tutorials" and "WWW Exploration of LP" 
("may" include because they are not automatically fully implemented in a specific case). The Essential PE List 
consists in all cases of "computerized adaptive testing" and "generic questioning". 
La Haye's temperament test is mostly used as the PPI (see for example section 2). The four basic temperaments 
(sanguine, choleric, melancholy and phlegmatic) are used in these cases as MP 1 to MP 4, and advice on motivation, 
goal setting, study habits, emotions and procrastination are used as CAMP 1 to CAMP 5• 
The Preferred PE list and the Preferred CAMP list are filled when steps (c), and (e) of the above-defmed 
procedure are carried out and a tutoring strategy is constructed. Examples of the tutoring strategies that are 
constructed by the various teaching I tutoring and learning assistants are listed in sections 2 to 6 above. 
Understanding the rest of the theory are trivial and not illustrated here. 
8. Plus, Minus and Interesting Points About the Theory and the Seven 
Teaching I Tutoring and Learning Assistants 
8.1. Positive and Interesting Points 
The following two questions were already raised in the previous chapter, but are again relevant and important here, 
and are therefore, together with their answers, repeated. 
At this stage it would be very natural for the reader to ask "Why implement more than one model of teaching and 
learning?". The answer is very simple: By implementing more than one model of teaching and learning we are 
exploring more subjects and skills within CAMP FILE 2005's curriculum for the 21st century. It also enables the 
tutor (human or computer) to use different strategies to adapt its tutoring to the student's learning style. 
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By implementing these seven teaching and learning assistants the tutor (human or computer) not only gets various 
tools to adapt its tutoring to the needs and preferences of its students, but also gets a way of learning its students 
about problem solving (Kolb), temperaments (La Haye); personalities (MBTI), left- and right brain preferences 
(Neethling), multiple intelligences (Gardner), visual, verbal and kinesthetic preferences, and on how-to-learn and 
how-to-teach- all essential skills for the 21 st century and an integral part of CAMP FILE 2005's curriculum. 
A second question that results from the first one, is "Which of these models are the best?". Again the answer is very 
simple and is provided by Felder (1996). Felder says that a learning style model is useful if balancing instruction on 
each of the model's dimensions meets the learning needs of essentially all students in a class. The five models that 
were chosen for the teaching and learning assistants within my framework all satisfy this criterion. Which model an 
educator or computer tutor chooses, is, according to Felder (1996), almost immaterial, since the instructional 
approaches that teach "around the cycle" for each of the models are essentially the same. Felder expands: "Whether 
educators are designing a course or curriculum, writing a textbook, developing instructional software, forming 
cooperative learning teams, or helping students develop interpersonal, leadership, and communication skills, they 
will benefit from using any of these models as the basis of their efforts.". 
If one looks from the perspective that Felder and Silverman's model was designed specifically for an engineering 
environment, one may conclude that it will also be very suitable for my tutoring system that focuses on linear 
programming. This does not, however, take anything away from the usefulness of the other five assistants. 
The successful implementation of the seven teaching I tutoring and learning assistants and the perfect fit between 
these developments and the guidelines provided by the theory provide some proof that my attempt to develop a 
general theory for a learning style based approach was successful. This theory therefore allows the user to select a 
model of teaching and learning of her/his choice and then to use this theory to provide her/him with guidelines on 
how to implement the model of her/his choice. 
The advantages of the seven teaching/tutoring and learning assistants can be summarized by saying that they are easy 
to implement, very easy to use and are supportive of the goal of CAMP FILE 2005 to learn students how-to-learn 
and how-to-teach. It provides multiple ways for students to learn about themselves, their learning styles and on how 
to optimize their learning experiences. These assistants can be implemented within the traditional classroom, within 
one-on-one tutoring sessions and within computer-based learning environments. 
8.2. Shortcomings 
The general approach that was sketched in section 7.1 , and therefore also the seven teaching/tutoring and learning 
assistants that are described in this chapter, suffer from three serious shortcomings: 
1. The theory does not state to which degree the student prefers the various dimensions of the learning style - the 
results of the LSI-S merely describes the student's preferences for D1 to Dm as either a crisp "yes" or a crisp 
"no". A "yes" implies that the student has a preference for that specific dimension, and a "no" means the student 
does not have a preference for that specific dimension. See step (a) in section 7.1 . 
Consider, as an example, my original approach towards the implementation of Felder and Sillverman's model 
for teaching and learning (section 6.3). A typical engineering student may have been classified as a converger 
by Kolb's LSI, as an introvert I sensory I thinking I judging type by a MBTI test, as a MelPhleg by La Haye's 
temperament test, as having a visual preference by the visualizer-verbalizer questionnaire and as preferring a 
sequential approach by the study preference questionnaire. The model does not, however, state to which degree 
the student is reflective and to which degree he is active, it only crisply classifies the student as a converger and 
a MelPhleg and does not specify if he is a strong, balanced or weak one, and it fails to give the degree to which 
the student prefers sensory information (he may prefer it only a little above the intuitive, or a lot), and so forth. 
As a consequence corresponding learning preferences are assigned to the student's learning model without taking 
into account her/his degrees of membership to the different sets of preferences. The same is true for the other 
models of teaching/tutoring and learning. 
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2. Step (b) in section 7.1 states that the MOl with the largest number of "Yes" associations should be selected. 
This could, however, very easily result in a wrong decision. If 3 dimensions are associated with MOl" for 
example, and two with MOI2, the current model will recommend that MOI 1 be selected. If the student's 
preferences for the various dimensions are expressed in terms of degrees - high, medium and low, for example, 
instead of only yes and no - it may well happen that all three dimensions associated with MOI 1 have low 
preferences and that the two associated with MOI2 have high preferences. Clearly the better decision will be to 
recommend that MOI2 be used. A more scientific method to decide on a MOl is therefore needed. This problem 
only occurs in one of the teaching/tutoring and learning assistants, namely my original approach towards the 
implementation of Felder and Silverman's model. It may, however, also occur in new models that are based on 
the theory of section 7 .1. 
3. In steps (c) and (e) of the procedure outlined in section 7.1, presentation elements are associated with 
dimensions of the learning style model. These mappings are made only on the basis of whether a specific 
presentation element is reckoned to be characteristic of a specific dimension, or not. For each PE; and Di a 
decision must be made: Is there a strong enough association between the function of the PE; and the 
characteristics of the Di so that it can be declared that the PE; is associated with the Di? The model does not state 
to which degree a PE is associated with a specific dimension - it merely declares that a PE is either associated 
with a dimension, or it is not. This, together with the fact that the student's preferences for the various 
dimensions are not expressed in terms of degrees, may lead to wrong PE and CAMP Lists, and consequently to 
non-optimal tutoring strategies. 
Suppose, for example, that a student has a "Yes" preference for dimensions D" D2 and D3, and that PE1 and PE2 
are associated with D" PE2 and PE3 with D2 and PE4 and PEs with D3• The Preferred PE List will contain PE" 
PE2, PE3, PE4 and PEs. All these PE's will have an equal chance to be included in the recommended tutoring 
strategy. 
If the model, instead, stated that PE 1 is associated to a very high degree with D" to a high degree with D2 and to 
an average degree with D3; that PE2 is associated to a high degree with D" to a high degree with D2 and to a very 
low degree with D3; that PE3 is associated to a low degree with D" to a very high degree with D2 and to an 
average degree with D3; that PE4 is associated to a very low degree with D1, to an average degree with D2 and to 
a very high degree with D3; that PEs is associated to an average degree with D" to an average degree with D2 
and to a high degree with D3, and that D" D2 and D3 are preferred by the student (to the same degree), the 
Preferred PE List will contain the PE's in order of the degrees to which they are associated with the various 
dimensions. The Preferred PE List will therefore have the following order: PE" PE3, PE4, PE2 and PE5. PE~> 
PE3 and PE4 will have a much better chance to be included in the recommended tutoring strategy (because of 
their very high degrees of association with preferred dimensions). 
The situation can be further complicated if the student prefers the various dimensions to varying degrees. The 
student can, for the example above, possibly prefer D 1 to a very high degree, D3 to a high degree and D2 to an 
average degree. The Preferred PE List must then be ordered according to both the student's preferences for the 
various dimensions and the degrees of the associations between the PE's and the various dimensions. A way 
must be found to model these situations. They are common to all the models of teaching and learning. 
I will show in the next chapter how fuzzy technology can be used to fmd remedies for these problems. 
Despite these shortcomings the seven teaching/tutoring and learning assistants still provide a good indication of a 
student's preferred tutoring strategy. If these strategies could automatically be improved by taking the student's 
choices for presentation elements during an actual tutoring session into account, a much improved tutoring strategy 
could be produced. I will show in chapters 10 and 11 how induction and neural networks can be used to achieve this 
goal. 
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8.3. Further Improvements 
Apart from fmding remedies for the above-described shortcomings, the teaching/tutoring and learning assistants can 
be further improved if the user/teacher can have the ability to change associations, and the degrees of these 
associations, between dimensions and presentation elements, and if (s)he can have the ability to defme presentation 
elements of her/his own choice. These improvements will be illustrated in chapter 10 in the description of a 
thinking style based approach towards individualized tutoring (essentially also a learning style based approach). 
9. Contributions to the Goals of This Study 
The following is a list of the aims, goals and objectives of the study that were addressed in this chapter (also see 
section 6.6 of the previous chapter- it is applicable here). This list simultaneously serves as a summary of what has 
been achieved by this chapter: 
• The formulation of a general theory for the development of a learning style based approach towards tutoring in 
section 7, addresses the goal of constructing a general framework for the development of intelligent, computer-
based educational software for topics from Operations Research. The theory can be applied to any subject 
matter, but can be focussed on Operations Research by selecting a model of teaching and learning that is 
developed specifically for it (like Felder and Silverman's model). 
• The seven teaching I tutoring and learning assistants illustrate how learning style and teaching and learning 
models can be incorporated into teaching systems. 
• The modeling of the student's learning style by means of LSI-S in section 7, and the various learning style 
inventories in the different teaching/tutoring and learning assistants, support the study's goal of constructing a 
student model that can be transferred to other systems and domains. The complete student model will be 
discussed in chapter 10. 
• The inclusion of the set of teaching/tutoring and learning assistants in the fmal conceptual model, and their 
ability to teach its users about learning styles and its associated learning and teaching strategies, demonstrate 
how elements on how-to-learn, and how-to-teach (two essential skills of the 21 st century) can be integrated in 
the curriculum of a LP tutor. 
• It is very clear that the goal "To develop computerized modules that demonstrate the most important techniques 
discussed and developed in this document" is supported by this chapter. 
• The seven teaching I tutoring and learning assistants are usable both within the traditional classroom setting and 
within computer-based tutorials. Within both these environments it could be utilized to teach students about 
learning styles and on how-to-learn, and within traditional settings it can also be used to teach teachers how-to-
teach, to "teach around the cycle" and to accommodate the learning style preferences of all its students. Within 
computer-based tutors these assistants can provide the tutor with advice on which tutoring strategy to follow in 
order to individualize a student's instruction and to accommodate her/his learning style preferences. This 
chapter is therefore very successful in addressing the goal " To develop a series of independent modules that 
could be used to improve the quality of traditional classroom instruction and that could be integrated within 
newly created computerized tutoring environments" . 
• Section 6.5 in the previous chapter attempted to describe how the goal " To provide novel ways on how to use 
technology to improve the quality of engineering- and more specifically LP education" is addressed. The seven 
teaching I tutoring and learning assistants provide a vehicle for these improvements. 
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Chapter 8 
Fuzzy Expert- and -Decision Making Systems to Improve the Models 
of Teaching I Tutoring and Learning 
1. Overcoming the Shortcomings with Fuzzy Logic 
1.1. Goal of the Chapter 
The main goal of this chapter is to investigate and demonstrate how fuzzy expert- and fuzzy decision making systems 
can be used to improve the general learning style based approach towards individualized tutoring that was sketched 
in the previous chapter and to provide strategies/ways on how the three major shortcomings of this approach can be 
overcome. The incorporation of fuzzy expert systems in the general procedure of the previous chapter can ensure 
that the degrees to which the student prefers the various dimensions of the learning style are described. Fuzzy 
decision making systems can help to make sure that the decision regarding the most appropriate tutoring mode is 
taken on a more scientific basis. Fuzzy expert- and fuzzy decision making systems can also be combined - they can 
then describe the degrees to which the student prefers the various dimensions of the learning style and also the 
degree to which each presentation element suites each of the dimensions of the learning style. 
1.2. Basic Approaches to Accomplish this Goal 
Fuzzy expert systems and a fuzzy decision-making system can be used in the models of teaching I tutoring and 
learning to match a student's preferred learning style with an appropriate tutoring strategy. Two basic approaches are 
suggested: 
1. A number of fuzzy expert systems can first be used to construct an appropriate tutoring strategy by selecting a 
combination of presentation elements. Crisp information from learning style inventories can be converted into 
fuzzy values by mapping it into one or more degrees of membership. Predefmed rules in the fuzzy knowledge 
base can then be applied to the fuzzified data to determine weighted data. This fuzzy output can then be 
defuzzified (converted to crisp values) by applying membership functions to the weighted data. The result will 
be an individualized model of tutoring and learning for each student, specifying preferences for certain kinds of 
presentation elements. A fuzzy decision-making system can then be utilized to decide which mode from the 
tutoring system best match this model. An appropriate tutoring strategy can consequently be activated. 
2. Fuzzy expert systems can first be used to describe the degrees to which the student's prefers the various 
dimensions of the learning style model. A fuzzy decision making model can then be formulated with the set of 
presentation elements as the alternatives, the required satisfaction of the various dimensions of the learning style 
as the goals of the decision problem, the student's fuzzy preferences for the various dimensions of the learning 
style as the importance levels of the goals and the degrees to which the presentation elements are suitable for the 
various dimensions of the learning style model as the satisfaction levels of the goals. A fuzzy decision making 
algorithm can then be used to prioritize the presentation elements. Another procedure can then be used to 
construct a tutoring strategy from the elements with the highest priorities. 
Detailed information on both these approaches are provided in sections 5 and 6. 
1.3. Layout of the Chapter 
Before discussing these possible roles of fuzzy expert- and fuzzy decision making systems in my conceptual 
framework, it is necessary to provide explanations of a few key concepts of fuzzy logic, fuzzy sets and fuzzy 
systems, to introduce fuzzy expert systems, to consider fuzzy decision making systems and to provide algorithms that 
can be used to implement and incorporate these systems within my conceptual framework. 
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Section 2 introduces the concepts of fuzzy logic, fuzzy subsets, fuzzy logic operators and fuzzy systems. Fuzzy 
expert systems are defined in section 3.1, its advantages and drawbacks are listed in section 3 .2, the commercial 
product "Fuzzy Knowledge Builder" is introduced in section 3.3, and the potential role of fuzzy expert systems 
within my conceptual framework is spelled out in section 3.4. An example of a fuzzy expert system that is used 
within my conceptual framework is provided in section 3.5 
The fuzzy decision making method of O'Hagan and O'Hagan ( 1993) is outlined in section 4. The algorithm is listed 
and the computer model described. The potential role of fuzzy decision making systems in the seven teaching I 
tutoring and learning within my conceptual framework is explained in section 4.4. 
Section 5 is used to provide procedures, examples and demonstrations of how fuzzy expert- and fuzzy decision 
making systems can be incorporated within the various teaching/tutoring and learning assistants. It demonstrates 
how these procedures can improve the ones that were suggested in the previous chapter and can effectively overcome 
its shortcomings in the process. 
Section 6 presents a modification of the general learning style based approach towards individualization tutoring that 
was formulated in the previous chapter. It incorporates both fuzzy expert- and fuzzy decision making systems into 
the new procedure. An evaluation of this new fuzzy approach is given in section 6.3. 
Section 7 considers the approach that was followed by Carver (Carver, Howard & Lavelle, 1996) in designing an 
adaptive hypermedia system. It also bases its recommendations on the results of Felder and Soloman's Index of 
Learning Styles. His basic approach is sketched in section 7.1 and 7 .2, similarities and differences between his 
approach and mine are highlighted in section 7 .3, and a new fuzzy version of his approach is proposed (as another 
alternative to the ones already proposed in section 5 and 6) in section 7.4. 
Section 8 concludes this chapter by briefly assessing its contribution to knowledge. 
2. Fuzzy Logic, Fuzzy Sets and Fuzzy Systems 
2.1. Fuzzy Logic 
Fuzzy logic makes it possible to handle data that are vague, qualitative, imprecise or even ambiguous. It rests on the 
idea that all things admit of degrees: Temperature, distance, beauty, friendliness, learning style preferences, 
temperament - all come on a sliding scale. Vredendal is extremely hot in the summer months. The Cape Peninsula is 
very beautiful. Stellenbosch is quite close to Cape Town International Airport. My next-door neighbor is fairly 
friendly. I have a very strong preference for inductive learning. He has a weak melancholic temperament. 
Kantrowitz & Horstkotte & Joslyn (1996) defines fuzzy logic as a superset of conventional Boolean logic that has 
been extended to handle the concept of partial truth - truth values between completely true and completely fals e. It 
was introduced by Dr. Lotti Zadeh of the University of California at Berkeley in the 1960's as a means to model the 
uncertainty of natural language. 
According to Zadeh one should, rather than regarding fuzzy theory as a single theory, regard the process of 
"fuzzification" as a methodology to generalize any specific theory from crisp (discrete) to a continuous (fuzzy) form. 
This lead to the recent introduction of fuzzy calculus, fuzzy differential equations, fuzzy linear programming, and so 
forth. 
The notion central to fuzzy systems is that truth values (in fuzzy logic) or membership values (in fuzzy sets) are 
indicated by a value on the range [0.0, 1.0], with 0.0 representing absolute falseness and 1.0 representing absolute 
truth. In classical binary logic data is defined to be either a '1' or a '0', or 'true' or 'false'. In fuzzy logic data is 
defmed to be from 0 to 100 percent true. 
Stellenbosch University  https://scholar.sun.ac.za
190 
2.2. Fuzzy Subsets 
There exist a strong relationship between fuzzy logic and fuzzy subset theory - very similar to the one between 
Boolean logic and the concept of a subset. 
In classical set theory a subset U of a set S can be defmed as a mapping from the elements of S to the elements of the 
set { 0, 1} , 
U: S----> {0, 1 }. 
This mapping can be represented as a set of ordered pairs, with exactly one ordered pair present for each element of 
S. The first element of the ordered pair is an element of the set S, and the second element is an element of the set { 
0, 1 } . The value 0 is used to represent non-membership, and the value 1 is used to represent membership. The truth 
or falsity of the statement 
Xis in U 
is then determined by fmding the ordered pair whose first element is X. The statement is true if the second element 
of the ordered pair is 1, and the statement is false if it is 0. 
A fuzzy subset F of a set S can be defmed in a similar way. Defme it as a set of ordered pairs, each with the fust 
element from S, and the second element from the interval [ 0, 1]. The value 0 is used to represent complete non-
membership, the value 1 is used to represent complete membership, and values in between are used to represent 
intermediate degrees of membership. The set S is referred to as the universe of discourse for the fuzzy subset F. 
This mapping is frequently described as a function, the membership function ofF. 
The degree to which the statement 
Xis in U 
is true is determined by fmding the ordered pair whose first element is X. The degree of truth of the statement is the 
second element of the ordered pair. 
The terms "membership function" and "fuzzy subset" are used interchangeably in practice. Membership functions 
can be very complex and at minimum tend to be triangles pointing up. In such a case the membership function is 
increasing towards the peak and decreasing away from it. Slope and trapezoidal functions and exponential curves 
similar to Gausian probability densities are also used. 
Kantrowitz & Horstkotte & Joslyn (1996) identified the following five categories of determination methods for 
membership values: Subjective evaluation and elicitation, ad-hoc forms, converted frequencies or probabilities, 
physical measurement, and learning and adaptation. See appendix 8 for descriptions of these methods. 
From the above it should be clear that the key to using fuzzy sets is graded memberships. A set can have members 
who belong to it partly, in degrees. The classic example in the fuzzy canon is tall men. Suppose John is 1.81 m. 
Does he belong to tall men? Conventional sets ask, "Is John tall?" , and erect a fence at say, 1.80 m. Tal/lies above 
this height, not tall below. Thus at 1.81 m, John is tall. In contrast, fuzzy sets ask, "How tall is John?" The answer 
is a partial membership in the fuzzy set, such as 0.6. So John is 0.6 tall (McNeill & Freiberger 1994). An example 
from our domain also illustrates this . 
An engineering student may have partial memberships in the fuzzy sets converger, introvert, sensory, thinking, 
judging and MelPhleg of 0.8, 0.6, 0.7, 0.6, 0.5 and 0.9. This could mean, in qualitative terms, that he is a strong 
converger, that he is pretty much an introvert, that he has a fairly strong preference for sensory information, that he 
is pretty much a thinker, that he is a balanced judge and that he is a very strong MelPhleg. 
2.3. Fuzzy Logic Operators 
The standard definitions of the fuzzy logic operators (and, or and not) are (with X and Y variables): 
truth ( not X) = 1.0 - truth (X); 
truth (X and Y) = minimum ( truth (X) , truth ( Y) ); and 
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truth (X or Y) = maximum ( truth (X) , truth ( Y) ). 
This will enable us to interpret a statement like 
X is Low and Y is High or (not Z is Medium), 
with X, Y and Z variables, and Low, High and Medium membership functions or fuzzy subsets defined on X, Y and Z. 
The classical results of Boolean logic are recovered from fuzzy logic operations when all fuzzy membership grades 
are restricted to the traditional set { 0, 1 } . This establishes fuzzy subsets and fuzzy logic as a true generalization of 
classical set theory and classical logic. All crisp (traditional) subsets are therefore subsets of this very special type, 
and there consequently is no conflict between fuzzy and crisp methods. 
2.4. Fuzzy Systems 
In a typical fuzzy system data input is first fuzzified by mapping it into one or more degrees of membership. 
Predefined rules are then applied to the fuzzified data to determine weighted data. Membership functions are then 
applied to the weighted data to provide the output. Fuzzy systems are normally designed in such a manner that the 
outputs change in a linear fashion. A similar strategy is used to design fuzzy expert and fuzzy decision making 
systems. 
3. Fuzzy Expert Systems 
3.1. Definition 
Fuzzy expert systems are expert systems that use a collection of fuzzy membership functions and rules (instead of 
Boolean logic) to reason about data. These rules usually have the following form: 
if X is high and Y is low then z is medium. 
X and Y are the input variables and Z is an output variable. X's and Y's values are known; Z's value should be 
computed. Low is a membership function of fuzzy subset defmed on X, high is a membership function or fuzzy 
subset defmed on Y, and medium is a membership function or fuzzy subset defmed on Z. The antecedent (i.e. the 
rule's premise) describes to what degree the rule applies, and the conclusion (i.e. the rule's consequent) assigns a 
membership function to each of one or more output variables. Most fuzzy expert system tools allow more than one 
conclusion per rule. The set of rules in a fuzzy expert system is known as the rule base or knowledge base. 
The general inference process consists of four steps: Fuzzification, inference, composition and defuzzification: 
Fuzzification 
The membership functions defmed on the input variables are applied to their actual values to determine the degree of 
truth for each rule's premise. 
Inference 
The truth value for the premise of each rule is computed and applied to the conclusion part of each rule . One fuzzy 
subset is consequently assigned to each output variable for each rule . MIN or PRODUCT are usually used as 
inference rules. 
In MIN inferencing the output membership function is clipped off at a height corresponding to the rule premise's 
computed degree of truth. This corresponds to the traditional interpretation of the fuzzy logic AND operation. 
In PRODUCT inferencing the output membership function is scaled by the rule premise's computed degree of truth. 
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Composition 
In the composition subprocess all of the fuzzy subsets assigned to each output variable are combined together to 
form a single fuzzy subset for each output variable. MAX or SUM compositions are usually used. 
In MAX composition the combined output fuzzy set is constructed by taking the pointwise maximum over all of the 
fuzzy subsets assigned to the output variable by the inference rule . This corresponds to the traditional interpretation 
of the fuzzy logic OR operation. 
In SUM composition the combined output fuzzy subset is constructed by taking the pointwise sum over all of the 
fuzzy subsets assigned to the output variable by the inference rule. This can, however, result in truth values greater 
than one. SUM composition is therefore only used when it will be followed by a defuzzification method that does 
not have a problem with such an odd case. It can also be combined with normalization to become a general purpose 
method again. 
Comment: Most texts refer to the combination of the things referred to separately here as "inference" and 
"composition" as the inference method. That is why the literature speaks of "MAX-MIN inference" (combining 
MAX composition and MIN inference) and "SUM-PRODUCT inference" (combining SUM composition and 
PRODUCT inference). The reverse terms (MIN-MAX and PRODUCT-SUM) mean the same things as the reverse 
order. 
Defuzzification 
The defuzzification process is optional and only used when it is useful to convert the fuzzy output set to a crisp 
number. Two of the more common defuzzification techniques are the CENTROID and MAXIMUM methods. 
In the CENTROID method the crisp value of the output variable is computed by fmding the variable value of the 
center of gravity of the membership function for the fuzzy value. 
In the MAXIMUM method the crisp value of the output variable is defined as one of the variable values at which the 
fuzzy subset has its maximum truth value. There are several variations of the MAXIMUM method that differ only in 
what they do when there is more that one variable value at which this maximum truth value occurs. The AVERAGE-
OF-MAXIMA method is one such method. It returns the average of the variable values at which the maximum truth 
value occurs. 
See appendix 8 for an example of these four processes. 
3.2. Advantages and Drawbacks 
McNeill & Thro (1994) identified the following list of advantages of fuzzy logic for system control (instead of 
traditional methods): 
1. Fewer values, rules and decisions are required. 
2. More observed variables can be evaluated. 
3. Linguistic, not numerical variables are used, making it similar to the way humans think. 
4. It relates output to input, without having to understand all the variables, permitting the design of a system that 
may be more accurate and stable than one with a conventional control system. 
5. Simplicity allows the solution of previously unsolved problems. 
6. Rapid prototyping is possible because a system designer does not have to know everything about the system 
before starting work. 
7. They are cheaper to make than conventional systems because they are easier to design. 
8. They have increased robustness. 
9. They simplify knowledge acquisition and representation. 
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10. A few rules encompass great complexity. 
McNeill & Thro (1994) also identified the following drawbacks: 
1. It is hard to develop a model from a fuzzy system. 
2. Although they are easier to design and faster to prototype than conventional control systems, fuzzy systems 
require more simulation and fme tuning before they are operational. 
3. Its greatest drawback is most probably the cultural bias in the West in favor of mathematically precise or crisp 
systems and linear models for control systems. 
3.3. "Fuzzy Knowledge Builder" 
We used a commercial product, "Fuzzy Knowledge Builder" from Fuzzy Logic Inc. (McNeill & Thro, 1994), to 
build the knowledge bases for our applications, and the programming language Turbo Pascal to implement the 
inference engine. The knowledge base consists mostly of As-Then or As-do rules, while the inference engine makes 
the rules work in response to system inputs. 
Creating a rule-based fuzzy system within "Fuzzy Knowledge Builder" comprise a five-step process: Identifying the 
inputs and their ranges and naming them, identifying the outputs and their ranges and naming them, creating the 
degree of fuzzy membership function for each input and output, constructing the rule base that the system will 
operate under, and deciding how the action will be executed by assigning strengths to the rules and defuzzification. 
A decision on the inference engine that will be used to act on the specific inputs and the knowledge base in order to 
produce the specific defuzzified output should also be taken. 
The program "Fuzzy Knowledge Builder" has six sections: 
1. A naming menu, to identify and name the inputs and outputs and their ranges and to create the fuzzy 
membership functions . 
2. A rules matrix builder, to construct the rule base. 
3. Tools for fme-tuning the knowledge base. It includes a facility for adjusting one or more fuzzy membership 
functions, the ability to change one or more rules on the action matrix, a variety of ways to display the 
information on the screen, and a cellular automata tool for smoothing the matrix cell boundaries or interpolating 
between rules 
4. A set of viewers that enable the user to examine the action surface from various angles (a 3D viewer, a gradient 
viewer and a profile viewer). 
5. An action tester for trying out various inputs, observing the output, and deciding whether set or rule editing is 
required. 
6. A knowledge base file generator, creating a file for our inference engine. 
This package was used to create the set of fuzzy expert systems that are used in the various models of teaching I 
tutoring and learning. 
3.4. The Potential Role of Fuzzy Expert Systems in the Teaching I Tutoring and Learning 
Assistants 
Fuzzy expert systems can be used to fuzzify the set oflearning style inventories (LSI-S) and to use the results thereof 
to describe the degree to which the student prefers the various dimensions of a learning style Instead of merely 
describing the student's preferences for the various dimensions as either a crisp "yes" or a crisp "no", fuzzy expert 
systems enable the tutoring system to describe it with a range of linguistic values like very strong, strong, medium, 
weak and very weak. Section 3.5 and appendix 9 describe how the various LSI's can be fuzzified by means of fuzzy 
expert systems. 
A typical engineering student who was previously described as a converger with an introvert I sensory I thinking I 
judging personality and a MelPhleg temperament, and as someone with a visual and sequential preference, can, with 
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the aid of fuzzy expert systems, now be described as a strong converger, an average introvert, an average extrovert, a 
weak sensor, a weak intuitor, a very strong thinker, an average feeler, as having an average preference for both 
judgement and perception, as a strong MelPhleg, an average visualizer, a very weak verbalizer and as someone 
having a very strong preference for the sequential presentation of material and a weak preference for the global 
presentation of material. Fuzzy expert systems therefore address shortcoming number 1 of the general theory of 
section 8.2 in the previous chapter. 
These fuzzy values can then be used to modify steps (c) and (e) of the procedure that defmes a general learning style 
based approach towards individualized tutoring (see section 8.2 in the previous chapter). The compositions of the 
Preferred PE List and the Preferred CAMP List are changed from lists consisting of only "Yes" presentation 
elements to lists consisting of all the presentation elements, but in order of the student's preferences for them. All the 
presentation elements associated with very strong dimensions will therefore be listed first and those with very weak 
dimensions last. The teaching I tutoring and learning assistants that are based on Kolb's problem solving styles, 
MBTI personalities, left- and right brain preferences and Felder and Silverman's model (my original approach) will, 
for illustration purposes, be adapted in this way in sections 5.1, 5.2, 5.3 and 5.6. 
The fuzzy descriptions of the student's preferences for the various dimensions will also be used, in combination with 
a fuzzy decision making system, in an alternative approach to individualization to adapt the remaining teaching I 
tutoring and learning assistants. This new approach, as well as the fuzzy decision making system, will be described 
in section 4. At this stage it is sufficient to say that these fuzzy associations with the dimensions will be used to 
express the relative importance of the various dimensions to the student - the higher the fuzzy value the more 
important it will be to include presentations elements associated with that dimension in the student's tutoring strategy. 
This new approach will be illustrated in sections 5.4, 5.5 and 5.7, i.e. in the teaching I tutoring and learning assistants 
that are based on V AK preferences, multiple intelligences and Felder and Soloman's Index of Learning Styles. 
3.5. An Example of a Fuzzy Expert System 
Fuzzy expert systems were developed to interpret the results ofKolb's LSI, a MBTI test, LaHaye's temperament test, 
the Visualizer-Verbalizer Questionnaire, a Study Preference Questionnaire, Neethling's Brain Profile Test and the 
learning style inventory that determines a student's preferences for the visual, the auditory and the kinesthetic. Their 
possible roles were sketched above and will be demonstrated in section 5. 
The knowledge base of one of these fuzzy expert systems, the fuzzy interpretation ofKolb's LSI, is described below. 
The same basic approach is also followed in the design of the other, and they are therefore not listed here. Detailed 
descriptions of all of them can be found in appendix 9. 
A Fuzzy Expert System for Kolb's Learning Style Inventory 
One of the fuzzy expert systems we had to build was to interpret the results ofKolb's LSI. 
Two input variables, RO-AE (Reflective Observation versus Active Experimentation) and CE-AC (Concrete 
Experience versus Abstract Conceptualization) representing the crisp scores of a student who has taken Kolb's LSI, 
were identified. Crisp RO-AE lies between -11 and 17 and crisp CE-AC lies between -12 and 16. The output of the 
system is defmed as LSPI (Learning Style Preference Indicator) and its crisp range is between 0 and 400. 
Eight fuzzy sets are associated with each input variable and 12 with the only output variable (subjectively chosen by 
the author). They are defmed and provided in figures 8.1, 8.2 and 8.3. Associated with each fuzzy range name is a 
physical dimensional range; for example, VSR lies between -11 and -5 while SR lies between -6 and -2 (on the RO-
AE scale). This information is also included in the above-mentioned figures. 
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Fuzzy Set Description Dimensional range 
VSR Very Strong Reflective [-11,-5] 
SR Strong Reflective [ -6,-2] 
MR Medium Reflective [-3,0] 
WR Weak Reflective [-1,2.5] 
WAC Weak Active [2.5,6] 
MAC Medium Active [5 ,8] 
SAC Strong Active [7, 12] 
VSAC Very Strong Active [10,17] 
Figure 8.1: Fuzzy Sets Associated with Input Variable ROAE 
Fuzzy Set Description Dimensional range 
vsc Very Strong Concrete [-12,-5] 
sc Strong Concrete [-6,-2] 
MC Medium Concrete [ -3,0] 
we Weak Concrete [-1,2.5] 
WA Weak Abstract _[2.5,lil 
MA Medium Abstract 15,~ 
SA Strong Abstract l7,1U 
VSA Very Strong Abstract l10,1€il 
Figure 8.2: Fuzzy Sets Associated with Input Variable CEAC 
Fuzzy Set Description Dimensional range 
WAS Weak Assimilator [0,45] 
AAS Average Assimilator [40,70] 
SAS Strong Assimilator [65,100] 
WCN Weak Converger [100,145] 
ACN Average Converger [140,170] 
SCN Strong Converger [165,20()] 
WDV Weak Diverger J200,245]_ 
ADV Average Diverger [240,270] 
SDV Strong Diverger [265,300] 
WAC Weak Acconunodator 1300,345]_ 
AAC Average Acconunodator [340,370] 
SAC Strong Acconunodator [365,400] 
Figure 8.3: Fuzzy Sets Associated with Output Variable LSPI 
Piecewise editing (McNeill & Thro, 1994) is done next to create the fuzzy membership functions. Of interest is the 
shape of each fuzzy set over the universe of discourse and the dimension of that fuzzy set. The shape of each is (in 
our environment) constrained to either a triangular or trapezoidal shape. The dimensions are defmed like in the 
example above. 
Following this is writing the AS-THEN rules that will translate the inputs into the actual outputs. A rule matrix is 
used for this purpose: It models expert knowledge and defmes the consequent output fuzzy set for each combination 
of input fuzzy sets. An example of a rule from such a rule matrix, as in our application, is: AS RO-AE is SAC AND 
CE-AC is MA THEN LSPI is ACV; in other words, if our student is strong active and sort of abstract (medium), 
then we can conclude that he is an average converger. 
Our rulebase contains 64 rules (reflecting an expert's knowledge on Kolb's LSI) and is given in figure 8.4. below. 
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VSA SAS AAS AAS AAS ACN ACN ACN SCN 
SA AAS AAS AAS WAS WCN ACN ACN ACN 
MA AAS AAS WAS WAS WCN WCN ACN ACN 
WA AAS WAS WAS WAS WCN WCN WCN ACN 
we ADV WDV WDV WDV WAC WAC WAC AAC 
MC ADV ADV WDV WDV WAC WAC AAC AAC 
sc ADV ADV ADV WDV WAC AAC AAC AAC 
VSC SDV ADV ADV ADV AAC AAC AAC SAC 
VSR SR MR WR WAC MAC SAC VSAC 
Figure 8.4: Rule Matrix with Variable ROAE Horizontally and CEAC Vertically 
This knowledge base can now be put into action by running our inference engine. It takes as its inputs the crisp 
scores and crisp classifications ofKolb's LSI. Its defuzzified output is a value for LSPI between 0 and 400. We use 
the fuzzy value of this output (as found on the right hand side of the active AS-THEN rule) and the fuzzy values for 
the input variables (as found on the left hand side of the active AS-THEN rules) to determine the student's preferred 
learning style. Associated with each is a number of supporting learning and teaching activities. They are prioritized 
according to their corresponding fuzzy sets. 
4. A Fuzzy Decision Making System 
4.1. Introduction 
Fuzzy decision making is a specialized, language oriented fuzzy system that can be used to make personal and 
business management decisions. It has successfully been used to optimize the purchase of cars and video recorders, 
and Fuji Bank used it in a fuzzy decision support system for securities trading (McNeill & Thro, 1994). 
Saaty's analytical hierarchy process (AHP) (Saaty, 1977), on which fuzzy decision making is based to a large extent, 
has been used in the evaluation of research papers (Liberatore & Nydick & Sanchez, 1992) and in the selection of 
research and development projects (Liberatore, 1987). Petkov and Gialerakis (1994) also illustrated how Saaty's 
AHP could be used in the university environment as part of a group decision support system to assist in the selection 
of the best candidate for the University Book Prize. It therefore lends itself particularly well to be used in 
prioritization and multi-criteria decision making processes. Since O'Hagan and O'Hagan's fuzzy decision making 
system (see (O'Hagan & O'Hagan, 1993)) is based to a large extent on AHP and since it is actually an improvement 
thereof, it makes sense to use it, rather than AHP. 
One implementation thereof is based on a decision method that was developed by O'Hagan & O'Hagan ( 1993) and 
was commercialized by the software company, Fuzzy Logic, Inc. (McNeill & Thro, 1994). Very appropriately their 
product is called "Fuzzy Decision Maker". I modified their approach and adapted it so that it could be integrated 
within my teaching I tutoring and learning assistants .. 
I begin this section with a detail description of the decision method of O'Hagan and O'Hagan (1993). It includes 
background information about decision theory and fuzzy sets. 
4.2. The Fuzzy Decision Method of O'Hagan and O'Hagan 
4.2.1. Decision Theory and Fuzzy Sets 
A decision maker often has to .select among a set of alternatives while simultaneously satisfying a set of objective 
criteria or goals and not violating a set of constraints. Bellman and Zadeh ( 1970) made an important contribution to 
decision theory by recognizing that a "good" decision had to satisfy both goals and constraints, and that they should 
be treated alike. They stated that a "good" decision had to satisfy some conjunctive form of the goals and constraints 
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that is associated with the decision making environment. An optimal decision would be the one that best satisfies all 
the criteria in some way. They came up with the rule of implied conjunction that is explained below. 
The m goals and n constraints of the problem, stated as an ordinary conjunctive "AND" form and evaluated for a 
given alternative x, are: 
with Gi(x) the fuzzy value of the i'th goal or objective evaluated for decision alternative x, and Cj(x) the fuzzy value 
associated with the satisfaction of the j'th constraint by decision alternative x. This form implies that all the goals 
and constraints are of equal importance, and is equivalent to the MIN operation. We can now associate this 
conjunction with a fuzzy set whose membership values can be used to make an optimal decision. We will call this 
set D(x) and defme it as: 
D(x) is therefore defmed over the alternatives x E X. We then select the alternative x * that has the highest fuzzy 
membership in D as our decision. x * satisfies the sets of goals and constraints the best. In mathematical form it is 
stated as: 
* x = arg {max D(x)}, 
X 
i.e. x * is the argument or index value when D(x) achieves its largest value. 
We can therefore conclude that for indifferent goals and constraints an optimal fuzzy decision is made by selecting 
for each alternative x its smallest membership value in the objectives or constraints, and by selecting as the optimal 
decision the alternative with the highest membership in the decision fuzzy set. Most of the time, however, decisions 
must be taken when goals and constraints are of varying importance. 
4.2.2. Decisions with Goals and Constraints of Varying Importance 
If a particular goal or constraint is of great importance it must be very unlikely to select an alternative as the optimal 
decision that has a small membership value in this particular goal or constraint. This is accomplished by making 
those alternatives that are low in important objectives have a low membership in the decision fuzzy set D. This 
minimizes their chance to be selected as the best alternative. 
Remember that the membership function for each alternative in D is determined by its lowest membership in all the 
objectives (from the MIN defmition of fuzzy intersection). Ifthe grade of membership of alternatives that are low in 
some important goal or constraint satisfaction is made even lower, they will be even less likely to be selected as the 
optimal alternative x *. Exponential weighting can be used to perform this differential weighting (Yager 1978). It 
helps to make the fuzzy decision process more responsive to real-world needs. Take the following background 
information about this matter into consideration: 
Exponentiation of fuzzy sets reduces the grades of memberships of all the x's in that fuzzy set since the individual 
fuzzy values fall between 0 and 1. The effect is less marked on large fuzzy membership values than on small ones. 
Yager used this fact when he first considered exponentially weighting fuzzy sets to reflect the relative importances of 
the factors being represented in a decision making process. Important factors should be exponentially weighted 
heavily to force their entry into the decision process (a MIN operation) while small values of the exponent a make 
the membership values larger and effectively takes unimportant factors out of the intersection and the decision 
making process. 
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We can therefore conclude that if some method could be found to assign an appropriate value to a (indicating a 
particular goal or constraint's relative importance to the decision maker) the desired effect could be obtained. If an 
a > 0 is associated with each objective (the more important the objective or constraint the higher the associated a) 
we can revise our decision function as: 
Cm+ 1 am+ l(x),Cm+2 am+2(x), ... ,Cm+n am+n(x)], 
i= l,2,. ,m 
j=m+l , ... ,m+n 
Suppose the sum of the a's is constrained to be equal to m+n, i.e. the total number of goals and constraints. This will 
force all the exponential weights to 1 if the case occurs when all the objectives and constraints are of equal 
importance (the case described in the previous section). This scheme forces alternatives that are weak in important 
goal or constraint satisfaction to become even less appealing as potential optimal solutions. 
A hierarchical system for decision making has been created: Each alternative is first rated on its ability to satisfy 
each of the objectives and constraints and then each objective or constraint is modified by the exponential weighting 
to reflect its "true" importance to the decision maker. The next problem to solve is that of obtaining a scale upon 
which to measure the relative importance of each goal or constraint. 
4.2.3. Measuring the Relative Importance of Goals and Constraints 
Saaty (1977) addressed exactly this problem in 1976 and developed a procedure for obtaining a ratio scale for a 
group of elements based upon a complete paired comparison of the elements taken two at a time. n(n-1)/2 
comparisons are needed for n elements. Yager (1978) used this method to obtain exponential weighting values 
which reflect the relative importance of the objective criteria and constraints entering a decision problem. The 
procedure works as follow: 
Suppose a scale has to be constructed to rate p objects with respect to each other. In this case the p objects are the 
objective criteria and constraints of a decision problem; therefore p=m+n. The decision maker compares the objects 
two-at-a-time. When comparing object i with objectj, the decision maker must first make the binary decision, which 
object is more important? Thereafter he has to assign a value taken from the scale 1 to 9 to the more important 
object's domination over the less important object. These scale values are given in the tableau below. Verbal hints 
on how to apply them are also provided. 
Importance Value Definition 
1 Equal Importance. 
3 Weak importance of one over the other. 
5 Strong importance of one over the other. 
7 Demonstrated importance of one over the other. 
9 Absolute domination of one over the other. 
2, 4, 6,8 Intermediate values between the two adjacent judgements. 
Figure 8.5: Judgement Scale 
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If object i dominates object j, the assigned value is denoted as aij· The paired comparison matrix has the interesting 
reciprocal property that aij = 1 I aji· This property allows easy generation of a paired comparison matrix B of 
dimension p by p. Its elements are 
bii = 1, bij = aij and bij = 1 I bji fori <> j . 
Saaty ( 1977) demonstrated that the eigenvector corresponding to the maximum eigenvalue associated with B, is a 
cardinal ratio scale for the elements compared. Yager multiplied the normalized eigenvector by the order of the 
system p to obtain components for weighting the fuzzy criteria in the decision. This forces the exponents to have a 
value of one if the factors are equally important. 
As an example of the methodology using paired comparisons, suppose three tutoring strategies, say X, Y and Z, are 
rated on the Judgement Scale evaluating their importance in an intelligent tutoring environment. It was found that: 
1. Strategy Y is weakly more important than strategy X; therefore a12 = 1/3 and a21 = 3. 
2. Strategy Z is about equal to weakly more important than strategy X; therefore a13 
a31 = 2. 
3. Strategy Y is weakly more important than strategy Z; therefore a23 = 3 and a32 = 113. 





We now have to solve the eigenvalue I eigenvector problem 
BW = J.lmax W 
1/2 and 
and obtain the unit eigenvector corresponding to the maximum eigenvalue llmax for this matrix equation. Perron's 
Theorem in matrix algebra guarantees the existence of such a real, maximum eigenvalue. The theorem states that if 
B is a matrix with strictly positive entries, then B has a simple positive eigenvalue llmax which is not exceeded in 
absolute value by any of its (complex) eigenvalues and that every (row or column) eigenvector corresponding to 
llmax is a constant multiple of an eigenvector with strictly positive entries. Our B has 1 's down the main diagonal, 
and either positive integers or their reciprocals in the other positions. 
We can therefore proceed to calculate Jlmax and its corresponding eigenvector. The Power Method from numerical 
analysis (see appendix 11) is utilized for this purpose. For our example we found: 
llmax = 3.054; and 
0.265 
W = 1.000 
0.420 
Stellenbosch University  https://scholar.sun.ac.za
200 




Using Saaty's method we have obtained a cardinal rating of the relative importances of the three tutoring strategies. 
Strategy Y appears to be very important relative to strategy Z and especially to strategy X. 
Utilizing this same methodology we compare the importance of fuzzy constraints and goals in a multi-objective 
decision problem. The objective criteria are compared and a measure of relative importance, based on paired 
comparisons with its peers, are obtained. Because we want the average importance to be one, we must scale the 
eigenvector W' to obtain vector E. This will insure that in the unlikely case of having goals and constraints all with 
equal importances, the ai's and aj's will equal one and will have no effect on the Gt or Cj values entering the 
decision function D. The dimension p used for scaling equals m+n (the number of goals and constraints in our 
problem). Our scaled vector E is therefore given by: 
where W is the unit eigenvector corresponding to the largest real eigenvalue flmax· 
For our example from above 
E = [3(0.157) 3(0.594) 3(0.249)] = [0.471 1.781 0.748]. 
Perron's Theorem guarantees us the ability to fmd an weighting vector based on flmax with which we may 
exponentially scale the component factors for our decision process. 
A possible drawback of this whole procedure may be the necessity to make n(n-1)/2 comparisons for ann factor 
problem. Fortunately, O'Hagan came up with a methodology requiring the ordering of only n objects and thus 
making the generation of the paired-comparison matrix B a lot easier. This method is described in the following 
section. 
4.2.4. O'Hagan's Methodology to Generate the Paired-comparison matrix B 
The group of goals and group of constraints are ranked along a comparative scale of importance of 1 (least) to 9 
(most). These ranks are based on the decision maker's educated or gut opinion of the relative importances of the 
different factors. These ranks are called Importance Levels. They are used by the system (not the human decision 
maker), as will be shown in the procedure below, to calculate an Importance Matrix that corresponds to Saaty's 
paired-comparison matrix B. 
Procedure to Obtain an Importance Matrix 
Suppose our problem has n goals and constraints and that we have the importance levels of the n goals and 
constraints available (provided by the decision maker after he had made n comparisons). 
Begin with an Importance Matrix B that is filled with 1 's: The case when all the goals and constraints are of equal 
importance. 
Now update the initial Importance Matrix B to reflect the relative importances of the different goals and constraints: 
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Calculate the sum of the absolute value of the difference between the importance levels of goal I constraint i 
and goal I constraintj, and 1 (the initial value in B). 
If the difference is smaller than 1, assign the reciprocal of the sum of the absolute value this difference and 1, 
to bij and the sum of the absolute of this difference and 1, to bji; otherwise assign the value of the sum of the 
difference and 1 to bij, and the reciprocal value thereof to bji· 
end for j 
end fori 
bij' i,j= l , .. . ,n reflects the relative importances of then goals and constraints. 
This procedure generates the Importance Matrix B that corresponds to Saaty's paired-comparison matrix. Because 
the decision-maker only needs to make n comparisons, compared to the (n-1)12 comparisons of Saaty's original 
methodology, it is much easier to use. The system does the rest automatically by performing the n(n-1)12 
calculations described in the procedure above. 
Example: Suppose we are comparing the relative importances of four possible tutoring strategies: A, B, C, and D. 
Ranked along a comparative scale of importance of 1 (least) to 9 (most) they score 8, 3, 5 and 7, respectively. Using 
the procedure provided above, we fmd: 
b21 = 11(13- 81 + 1) = 116, and b12 = 6; 
b31 = 11(15- 81 + 1) = 114, and b13 = 4; 
b32 = 5 - 3 + 1 = 3, and b23 = 113; 
b41 = 11(17- 81 + 1) = 112, and b14 = 2; 
b42 = 7- 3 + 1 = 5, and b24 = 115; 
b43 = 7 - 5 + 1 = 3, and b34 = 113; 
Therefore, Importance Matrix B is given by 
6 4 2 
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If we take the background information provided above, and those from the previous few sections, into account, we 
are in a position to provide a formulation of O'Hagan and O'Hagan's (1993) fuzzy decision making methodology. 
4.2.5. The Fuzzy Decision Method of O'Hagan and O'Hagan 
. 
1. Identify m goals. 
2. Identify n constraints. Let p = m + n. 
3. Identify r alternatives. 
4. Rank the m goals and n constraints along a comparative scale of importance of 1 (least) to 9 (most). Call these 
ranks the Importance Levels of the p goals and constraints. 
5. Use these Importance Levels to construct an Importance Matrix B (Use the procedure described in the previous 
section). 
6. Solve the eigenvalue I eigenvector problem 
BW= J..lrnax W 
with the Power method. 
7. Obtain the unit eigenvector W' corresponding to the maximum eigenvalue J..lrnax· 
8. Scale the eigenvector W' to obtain vector E: 
Vector E is the weighting vector with which we are going to exponentially scale the component factors for our 
decision process. 
9. Measure each of the alternatives against each of the goals and constraints, asking yourself the question: "How 
well does this alternative meet this goaVconstraint?" This question is also answered on a scale of 1 (least) to 9 
(most). Call these values the Satisfaction Levels of the different alternatives. The result is a rxp matrix S, 
consisting of r rows: S 1, S2, ... ,Sr. Each Si (i = I, .. . , r) represents the satisfaction levels of a different alternative 
(for the p goals and constraints) . 
10. Use Saaty's method to obtain for each alternative a cardinal rating of the relative satisfactions of the p goals and 
constraints. 
A. Use the Satisfaction Levels provided in rows S1,S2, ... ,Sr to construct p Satisfaction Ranking Matrices C1 , 
C2, .. . , Cp of dimension rxr (Use the same procedure as in step 5. It was described in the previous section.). 
B. Solve the eigenvalue I eigenvector problems 
CiVi = J..lmax(i) Vi, i = 1 ,2, ... ,p 
with the Power method. 
C. Obtain the p unit eigenvectors Vi' corresponding to the maximum eigenvalues J..lrnax(i), i = 1,2, .. . ,p. They 
provide a cardinal rating of the r alternatives for the p goals and constraints. 
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11 . Construct a Satisfaction Matrix S. Use the p unit vectors Vi as the columns of this rxp matrix. The elements of 
S are then fuzzy values indicating how well the associated alternative satisfy a specific goal or constraint. 
12. Use the exponential weights calculated in step 8, and represented by vector E, to raise the p fuzzy sets 
represented by the columns of S (m fuzzy sets for the m goals and n fuzzy sets for the n constraints) to the 
power a1 , a2, ... , and Up• respectively. Call the resulting matrix S'. 
13. Determine r decision factors by applying the ME-OW A aggregation technique (Filev & Yager, 1995) to the 
Satisfaction Matrix S'. ME-OW A aggregation is used because it takes the rankings for each alternative and 
combines them using an operator somewhere between the MAX and MIN operators. An aggregation operator 
somewhere between the OR (MAX) and the AND (MIN) operator allows one to arrive at a more balanced 
decision. 
The MAX operator (fuzzy OR) corresponds to the extreme optimism bias that incorporates as much as 
possible, while the MIN operator (fuzzy AND) corresponds to the extreme pessimism bias and is much more 
restrictive. 
Full particulars about the ME-OW A aggregation technique is provided in appendix 10. 
14. Select as the optimal decision the alternative with the highest membership in the decision fuzzy set. It is the one 
with the largest decision factor. 
4.3. A Computer Model and Its Inputs 
A computer model was built to implement this algorithm. It was programmed in Turbo Pascal and integrated within 
the various teaching I tutoring and learning assistants. Three kinds of information typically go into a fuzzy decision 
making process, as was stated in the algorithm above: Goals (what we want out of the process), constraints (limiting 
factors), and alternatives (the available choices). See steps 1 to 3 in the algorithm. Each goal, constraint and 
alternative is weighed against the others, somewhat in isolation. This includes their importance to the user, their 
relative importances (step 4 in the algorithm), and the degree to which each alternative satisfies the goals and the 
constraints (step 9 in the algorithm). A special form of aggregation, based on the user's personal optimism-
pessimism bias, is then employed to rank the alternatives and to reach a decision. 
A demonstration of the functioning of the algorithm is provided in appendix 11. An extensive example that 
demonstrates how fuzzy decision making can be used to select the most appropriate tutoring mode for a specific 
student within my original approach towards the implementation of Felder and Silverman's model, is listed. 
The role fuzzy decision making will play within my conceptual framework is outlined in the next section and 
described in detail in section 5. 
4.4. The Potential Role of Fuzzy Decision Making Systems in the Teaching I Tutoring and 
Learning Assistants 
Fuzzy decision making systems can be used in two major ways to improve the effectiveness and overcome the 
shortcomings (see section 8.2 of the previous chapter) of the general learning style based approach towards tutoring 
that was proposed in section 7.1 of the previous chapter. It can put the decision regarding the best choice for a MOl 
on a more scientific basis (addressing shortcoming number 2) and it can form the basis of an alternative general 
learning style based approach towards tutoring (addressing shortcoming number 3). Fuzzy expert systems also play 
an important role in this new approach (as was mentioned in section 3.4). 
Appendix 11 shows how the fuzzy decision making algorithm can be used to select the most appropriate tutoring 
mode within my original approach towards the implementation of Felder and Silverman's model. It simultaneously 
serves as an illustration of how, in general, fuzzy decision making systems can be used to select the most appropriate 
Stellenbosch University  https://scholar.sun.ac.za
204 
MOL The exact structure of each of these decision problems will differ from learning style model to learning style 
model and no attempt is therefore made here to construct such a procedure. Each will have its own goals, constraints 
and alternatives. I believe that the example in appendix 11 is sufficient - it demonstrates the principle and addresses 
shortcoming number 2 within my framework. 
Fuzzy decision making systems also make it possible to describe to which degree each of the PE's are associated with 
the various dimensions: If it is required that the recommended tutoring strategy accommodate the preferences of the 
various dimensions of the learning style, if these requirements are used as the goals of the decision problem and if 
the presentation elements are defmed as the alternatives of the decision problem (a selection of them must be chosen 
for the tutoring strategy), then it will follow naturally that the satisfaction levels of the alternatives will describe the 
degrees to which the PE's are associated with the various dimensions. The fuzzy preferences of the student for the 
various dimensions (determined by the fuzzy expert systems) will be used as the importance levels of the goals. This 
will ensure that presentation elements that are strongly associated with the most important goals will get priority 
when a tutoring strategy is compiled. The fuzzy decision making system, when used in this manner, actually 
prioritizes the presentation elements - those highest up on the list will be included in the tutoring strategy. A new 
general learning style based approach which is based on this methodology will be formulated in section 7. Sections 
5.4, 5.5 and 5.7 will be used to demonstrate how this approach can be used to individualize tutoring within the 
teaching I tutoring and learning assistants that are based on V AK preferences, multiple intelligences and Felder and 
Soloman's Index of Learning Styles, respectively. 
5. Improving the Various 
Demonstrations 
Assistants: Procedures, Examples and 
5.1. A Teaching I Tutoring and Learning Assistant Based on Kolb's Problem Solving Styles 
5.1.1. A Modification to the Procedure of Section 2.2 in the Previous Chapter 
Use the same set of presentation elements and capable presentation elements as in section 2.2 of the previous 
chapter. 
a) Obtain a description of the student's learning style by administering Kolb's learning style inventory. Use the 
fuzzy expert system that fuzzifies the results of Kolb's LSI to obtain a "fuzzy" description of the student. Use a 
specially programmed procedure to interpret the defuzzified results of this fuzzy expert system. 
b) Again associate presentation elements with the various modes (CE, RO, AC, AE) of Kolb's model. Use the 
same associations as in section 2.2 of the previous chapter. Assign the fuzzy values that are associated with the 
various modes of Kolb's model to the presentation elements that are associated with that modes. If two or more 
values are assigned to a presentation element, use the highest one. 
c) Compile an ordered list of presentation elements according to the student's preferences, in terms of fuzzy values, 
for the various presentation elements. Randomize the order of sublists within which presentation elements have 
the same preferences. 
d) Obtain a description of the student's temperament by administering La Haye's temperament test. Use the fuzzy 
expert system that fuzzifies the results of La Haye's temperament test to obtain a "fuzzy" description of the 
student's psychological needs. Use a specially programmed procedure to interpret the defuzzified results of this 
fuzzy expert system. 
e) Associate presentation elements from the Artificial Psychologist with the various temperaments. Use the same 
associations as in section 2.2 of the previous chapter. Assign the fuzzy values that are associated with the 
various temperaments to the presentation elements that are associated wi.th that temperaments. If two or more 
values are assigned to a presentation element, use the highest one. 
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f) Compile an ordered list of the artificial psychologist based presentation elements. Do this on the basis of the 
student's preferences, in terms of fuzzy values, for the various presentation elements from the artificial 
psychologist. Randomize the order of sub lists within which presentation elements have the same preferences. 
g) Include the capable presentation element with the highest rating (in the list of elements that was compiled in step 
(c)) in the student's tutoring strategy. 
h) Include the "generic questioning" and the "computerized adaptive testing" presentation elements as essential 
elements within the proposed tutoring strategy. 
i) Select the five highest rated presentation elements from the list compiled in (c), and include them in the tutoring 
strategy under the heading "Other Presentation Elements". 
j) Select the two highest rated presentation elements from the list compiled in (f), and recommend that they be 
included in the tutoring strategy. Place them under the heading "Elements from the Artificial Psychologist". 
k) List the remaining presentation elements among the top ten from the list compiled in (f) that have not been used 
thus far, and include them under the heading "More Highly Rated Presentation Elements". 
The next section is used to illustrate this procedure. 
5.1.2. An Example 
Description of the student 
Consider the hypothetical student from the example in section 2.3 of the previous chapter. The defuzzified results 
of the fuzzy expert system describe the student as having a weak preference for the RO mode, a very strong 
preference for the AC mode, a strong to very strong preference for the AE mode and a weak preference for the CE 
mode (step (a)) . The student also took La Haye's temperament test. The defuzzified results of the fuzzy expert 
system describes the student as having an average preference for the sanguine and phlegmatic temperaments and a 
weak preference for the choleric and melancholic temperaments (step (d)). 
A list of presentation elements 
The presentation elements associated with the AC mode are therefore very strongly preferred by the student, those 
associated with the AE mode are strongly to very strongly preferred and those associated with the RO and CE modes 
are only weakly preferred by the student (step c) . The presentation elements from the artificial psychologist that are 
associated with the sanguine and phlegmatic temperaments are preferred to a greater degree than those associated 
with the other two temperaments (step f) . 
Determine an Individualized Tutoring Strategy 
Execute steps g, h, i, j and k to obtain the following tutoring strategy: 
Recommended Tutoring Strategy 
Capable Presentation Element 
Step-by-step tutorials 
Essential Presentation Elements 
Computerized Adaptive Testing 
Generic Questioning 
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Opportunity to reflect/think 
Step Charts. 
Elements from the Artificial Psychologist 
Artificial Psychologist: Procrastination 
Artificial Psychologist: Motivation 
More Highly Rated Presentation Elements 
Diagrams 
Ask stimulating questions 
Pseudo-code for procedure to accomplish task 
Explanations 
5.1.3. A Demonstration of the Assistant in Action 
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Option 0 on the Kolb Main Menu (see section 2.4 in the previous chapter) provides a fuzzy description of the 
student, i.e. a listing of her/his preferences for the various modes of Kolb's model and the various temperaments of 
La Haye's model. 
Option P on the Kolb Main Menu displays a tutoring strategy that is based on the procedure outlined in section 
5.1.1. An example of such a strategy is listed above (section 5.1.2). 
5.2. A Teaching I Tutoring and Learning Assistant Based on Personality Types 
5.2.1. A Modification to the Procedure of Section 3.2 in the Previous Chapter 
Use the same set of presentation elements and capable presentation elements as in section 3.2 of the previous 
chapter. 
a) Obtain a description of the student's personality type by administering a modified version of a MBTI test. Use 
the set of four fuzzy expert system for a MBTI test that are described in appendix 9, section 1, to obtain a 
"fuzzy" description of the student. Use a specially programmed procedure to interpret the defuzzified results of 
this fuzzy expert systems. 
b) Again associate presentation elements with the various dimensions of the 16 possible personality types 
(extrovert, introvert, sensation, intuition, thinking, feeling, judgement, perception). Use the same associations as 
in section 3.2 of the previous chapter. Assign the fuzzy values that are associated with the various dimensions of 
personality types to the presentation elements that are associated with that dimensions. If two or more values are 
assigned to a presentation element, use the highest one. 
Execute steps (c) to (k) of section 5 .I. I. 
The next section is used to illustrate this procedure. 
5.2.2. An Example 
Description of the student 
Consider the hypothetical student from the example in section 3.3 of the previous chapter. The defuzzified results 
of the set of four fuzzy expert system describe the student as having 
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• a weak preference for elements from the extroversion dimension; 
• a strong preference for elements from the introversion dimension; 
• a strong preference for elements from the sensing dimension; 
• a weak preference for elements from the intuition dimension; 
• a weak preference for elements from the thinking dimension; 
• a very strong preference for elements from the feeling dimension; 
• an average preference for elements from the judging dimension; and 
• an average preference for elements from the perception dimension (step (a)). 
The student also took La Haye's temperament test. The defuzzified results of the fuzzy expert system describes the 
student as having a very strong preference for the sanguine and phlegmatic temperaments and a weak preference for 
the choleric and melancholic temperaments (step (d)) . 
A list of presentation elements 
The presentation elements associated with the feeling dimension are therefore very strongly preferred by the student, 
those associated with the introversion and sensing dimension are strongly preferred, those associated with the 
judging and perception dimensions are mildly preferred, and those associated with the extroversion, intuition and 
thinking dimensions are only weakly preferred by the student (step c). The presentation elements from the artificial 
psychologist that are associated with the sanguine and phlegmatic temperaments are preferred to a greater degree 
than those associated with the other two temperaments (step f). 
Determine an Individualized Tutoring Strategy 
Execute steps g, h, i, j and k to obtain the following tutoring strategy: 
Recommended Tutoring Strategy 
Capable Presentation Element 
Teaching Games 
Essential Presentation Elements 
Computerized Adaptive Testing 
Generic Questioning 




Ask Stimulating Questions 
Cooperative Learning Activities 
Elements from the Artificial Psychologist 
Artificial Psychologist: Goal Setting 
Artificial Psychologist: Motivation 
More Highly Rated Presentation Elements 
Artificial Psychologist: Procrastination 
Software supporting role playing I also music 
Word Processor I Joumaling 
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5.2.3. A Demonstration of the Assistant in Action 
Option L on the MBTI Main Menu (see section 3.4 in the previous chapter) provides a fuzzy description of the 
student, i.e. a listing of her/his preferences for the various dimensions of the MBTI model and the various 
temperaments of La Haye's model. 
Option P on the MBTI Main Menu displays a tutoring strategy that is based on the procedure outlined in section 
5.2.1 An example of such a strategy is listed above (section 5.2.2). 
5.3. A Teaching I Tutoring and Learning Assistant Based on Neethling's Left- and Right 
Brain Preferences 
5.3.1. A Modification to the Procedure of Section 4.2 in the Previous Chapter 
Use the same set of presentation elements and capable presentation elements as in section 4.2 of the previous 
chapter. 
The following procedure was designed for selecting presentation elements matching a student's preferred learning 
style: 
a) Obtain a description of our student's preferred learning style by administering a simplified version ofNeethling's 
Brain Profile Instrument. Use the fuzzy expert system for Neethling's Brain Profile Test that are described in 
appendix 9, section 4, to obtain a "fuzzy" description of the student. Use a specially programmed procedure to 
interpret the defuzzified results of this fuzzy expert systems. 
b) Assign the fuzzy values that are associated with the dominant, secondary and tertiary quadrants of the student to 
the learning preferences associated with that quadrants. Use these fuzzy values as the priorities of these learning 
preferences. 
Repeat steps (c) to (f) of the original procedure (sketched in section 4.2 of the previous chapter). 
5.3.2. An Example 
A Fuzzy Description of the Student 
Consider the hypothetical student from the example in section 4.3 of the previous chapter. The defuzzified results 
of the fuzzy expert system describe the student's approximate brain profile as follows : 
Dominant quadrant is L2; secondary quadrant is Ll ; tertiary quadrants are Rl and R2; the degree of difference 
between dominant and secondary quadrants is QBIT; and the degree of difference between secondary and tertiary 
quadrants is QBIT. The student therefore has a high preference for the dominant quadrant and average preferences 
for the secondary and tertiary quadrants . 
Setting Priorities 
Allocate a high priority to the learning preferences and characteristics of the L2 quadrant and average priorities to 
the learning preferences and characteristics of the L2, Rl and R2 quadrants. 
Execute steps (c) and (d) of the procedure. 
Priorities of Presentation Elements 
The resulting priorities for the various presentation elements are (see step (e)) : 
High Preference for A Point-and-Query Interface based on QUEST model. 
Average Preference for Computerized Adaptive Testing. 
Average Preference for Computerized Problem Solver. 
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No Preference for Generic Questioning. 
High Preference for Facility to Build Mindmaps. 
No Preference for Explanations. 
Average Preference for Flowcharts. 
High Preference for Step Charts. 
High Preference for Monitoring Systems. 
Average Preference for Interactive Advisors. 
High Preference for Step-by-step tutorials. 
Average Preference for Examples. 
Average Preference for Demonstrations. 
Average Preference for Diagrams. 
Average Preference for Theoretical Readings. 
High Preference for Drill-and-practice exercises. 
High Preference for Ask Stimulating Questions. 
Average Preference for Descriptions. 
No Preference for Pseudo-code for procedure to follow to accomplish task. 
Average Preference for Navigation facility. 
High Preference for Practical Readings. 
Average Preference for Cooperative Learning. 
Average Preference for Teaching Games. 
Average Preference for Case Studies. 
Average Preference for Opportunity to reflect/think. 
Average Preference for Artificial Psychologist: Motivation. 
High Preference for Artificial Psychologist: Study Habits. 
High Preference for Artificial Psychologist: Goal Setting. 
Average Preference for Artificial Psychologist: Emotions. 
No Preference for Artificial Psychologist: Procrastinate 1. 
No Preference for Artificial Psychologist: Procrastinate 2. 
Average Preference for Mind Map Presentation. 
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Construct a tutoring strategy by executing step (f). The following strategy is the result and the one that is 
recommended: 
Capable Presentation Element 
Step-by-step tutorials 
Other Preferred Presentation Elements-
A Point-and-Query Interface based on QUEST model 




Ask Stimulating Questions 
Practical Readings 
Essential Presentation Elements 
Computerized Adaptive Testing 
An Additional, Balanced Presentation Element 
Computerized Problem Solver 
Psychological Help 
Artificial Psychologist: Study Habits 
Artificial Psychologist: Goal Setting 
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5.3.3. A Demonstration of the Assistant in Action 
1. Option L on the LBRB Main Menu provides the user with access to a fuzzy model of teaching I tutoring and 
learning that is based on left- and right brain preferences. (S)he can use this model to determine an 
individualized tutoring strategy that can be used within my conceptual framework to learn about topics from the 




2. Option A on LBRB Submenu 2 allows the user to take a modified version ofNeethling's Brain Profile Test and 
to determine her/his dominant, secondary and tertiary brain quadrants. 
3. Option Bon LBRB Submenu 2 lists the resulting approximate brain profile of the user. 
4. Option C on LBRB Submenu 2 lists typical characteristics of the quadrants for which the user has a high 
preference. It also spells out how the user will most probably (because of this classification) approach problem-
solving, education, teaching and learning. 
5. Options D and E on LBRB Submenu 2 lists the average and low preferences of the user (according to her/his 
fuzzy classification). 
6. Option F on LBRB Submenu 2 allows the user to view a complete list of all the available presentation elements 
and the preferences that are associated with it, because of the user's specific brain profile. High, average, low or 
no preferences are associated with the various presentation elements. 
7. The presentation elements with the highest preferences are included in the user's recommended tutoring strategy. 
This strategy can be viewed by selecting option G on LBRB Submenu 2. 
8. Option H on LBRB Submenu 2 is used to create the approximate brain profile of a hypothetical student. It 
allows a user of the system to first explore the model of teaching and learning before actually taking the brain 
profile test in option A. (S)he can experiment and see which strategies are recommended for students with 
randomly generated brain profiles. 
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9. Options I to N on LBRB Submenu 2 have the same functions as options B to H on the same menu, except that 
it is applied to the brain profile of a hypothetical rather than to that of an actual student. 
5.4. A Teaching I Tutoring and Learning Assistant Based on V AK Preferences 
5.4.1. A Procedure Based on Fuzzy Decision Making 
a) Obtain a description of the student's V AK learning style by administering the V AK LSI of the Honolulu 
Community College in Hawaii. Utilize a fuzzy expert system to fuzzify the results thereof. Fuzzy values now 
describe the student's preferences for the visual, auditory and kinesthetic. 
b) Defme the 30 presentation elements of section 5.4 in the previous chapter as the alternatives of a fuzzy decision 
making model. Fuzzy decision making will be used to prioritize the presentation elements - it will be most 
likely for those with the highest priority to be included in the tutoring strategy. They will be the presentation 
elements which will be preferred to the strongest degree by the student. 
c) Defme the following 3 goals for this fuzzy decision making model: 
1. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
visual dimension .. 
2. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
auditory dimension .. 
3. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
kinesthetic dimension. 
d) Defme the following two constraints for the fuzzy decision making problem: 
1. The tutoring strategy should only include available presentation elements, i.e. elements which are implemented 
for the tutoring of a specific topic. 
2. The tutoring strategy should also include presentation elements with the ability to effectively communicate the 
full contents of a specific module or topic. 
e) Determine the satisfaction levels of the 30 alternatives for the 3 goals and the 2 constraints. The satisfaction 
levels of the alternatives for the 3 goals are actually fuzzy descriptions that state to which degree each dimension 
is preferred by I can be associated with each presentation element. The fuzzy values range from "most" to 
"least" (from 9 to 1 on a numeric scale) . 
f) Use the fuzzy values that describe the student's preferences for the visual, auditory and kinesthetic as the 
importance levels of the 3 goals. These values will ensure that the dimensions which are preferred to the highest 
degree, will have first claim to the available presentation elements. This will further ensure that the associated 
presentation elements will get high ratings. 
g) Execute the fuzzy decision making system, i.e. prioritize the list of presentation elements. 
h) Identify the capable presentation element with the highest rating and include it in the proposed tutoring strategy. 
i) Include the "generic questioning" and the "computerized adaptive testing" presentation elements as essential 
elements within the proposed tutoring strategy. 
j) Select the five highest rated presentation elements from the list compiled in (g), and include them in the tutoring 
strategy under the heading "Other Presentation Elements". 
k) List the remaining presentation elements among the top ten from the list compiled in (g) that have not been used 
thus far, and include them under the heading "More Highly Rated Presentation Elements" . 
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The next section is used to illustrate this procedure. 
5.4.2. An Example 
Description of Student 
Consider the hypothetical student from the example in section 5.5 of the previous chapter. The defuzzified results 
of the fuzzy expert system describe the student's V AK preferences as follows: 
Dominant, Secondary and Tertiary Preferences 
Dominant Preference is for the Visual Style 
Secondary Preference is for the Auditory Style 
Tertiary Preference is for the Kinesthetic Style 
Analyzing the Differences in Scores of the Various Styles 
Degree of Difference Between Dominant and Secondary Preferences: SUBS 
Degree of Difference Between Secondary and Tertiary Preferences: QBIT 
Resulting Preferences for the Various Styles 
High Preference for Dominant Learning Style 
Average Preference for Secondary Learning Style 
Average Preference for Tertiary Learning Style 
Execute steps (b) to (d). 
Satisfaction Levels of the Goals and Constraints 
An example of the satisfaction levels for the 3 goals and 2 constraints for a specific presentation element is provided 
below. Remember that there are 30 such sets of satisfaction levels within this model. 
Satisfaction Levels of the Goals for the Animation I Graphics Presentation Element 
The "Visual" goal has a "most" satisfaction level, the "Auditory" goal a "less" satisfaction level, and the 
"Kinesthetic" goal a "more" satisfaction level.. 
Satisfaction Levels of the Constraints for the Animation I Graphics presentation Element 
The "availability constraint has a "most" satisfaction level and the "capability" constraint a "more" satisfaction level. 
Importance Levels of the Goals and Constraints 
Importance Levels of Goals According to Student's Description 
The "Visual" goal is most important and the "auditory" and "kinesthetic" goals are moderately important. 
Importance Levels of the Constraints 
The "availability constraint has a "more" importance level and the "capability" constraint a "less" importance level. 
Recommended Tutoring Strategy 
Execute steps (g( to (k) to obtain the following recommended tutoring strategy. 
Capable Presentation Element 
Step-by-step tutorials 
Stellenbosch University  https://scholar.sun.ac.za
Essential Presentation Elements 
Computerized Adaptive Testing 
Generic Questioning 
Other Presentation Elements 
Interactive Advisors 
Word Processor I J ournaling 
Step Charts 
Explanations 
Software supporting role playing I also music 
More Highly Rated Presentation Elements 
WWW Exploration of LP 




5.4.3. A Demonstration of the Assistant in Action 
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Option M on the V AK Main Menu (see section 5.6 in the previous chapter) lists the goals, constraints and 
alternatives of the fuzzy model that was built to prioritize the available presentation elements. The model was 
sketched and illustrated above. 
Option N on the V AK Main Menu displays a tutoring strategy that is based on the procedure outlined in section 
5.4.1 An example of such a strategy is listed above (section 5.4.2). 
5.5. A Teaching I Tutoring and Learning Assistant Based on Multiple Intelligences 
5.5.1. A Procedure Based on Fuzzy Decision Making 
a) Obtain a description of the student's profile of intelligences by administering a multiple intelligence quiz. Rank 
the 8 intelligences for the student from the most dominant to the least dominant. Determine fuzzy descriptions 
for the student's preferences for the various intelligences - very high, high, medium, low and very low. The 
following rules govern this process: 
If the student's score for a specific intelligence lies within 3 units from the highest one, assign it the fuzzy value 
"very high"; if it lies between 3 and 6 units away, assign it the fuzzy value "high"; if it lies between 6 and 9 units 
away, assign it the fuzzy value "medium"; if it lies between 9 and 12 units away, assign it the fuzzy value "low"; 
and if it lies more than 15 units away, assign it the fuzzy value "very low". 
b) Defme the 35 presentation elements of section 5.7 in the previous chapter as the alternatives of a fuzzy decision 
making model (the elements from the artificial psychologist are included in this 35 presentation elements). 
Fuzzy decision making will be used to prioritize the presentation elements - it will be most likely for those with 
the highest priority to be included in the tutoring strategy. They will be the presentation elements which will be 
preferred to the strongest degree by the student. 
c) Defme the following 8 goals for this fuzzy decision making model: 
1. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
linguistic intelligence. 
2. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
logical-mathematical intelligence. 
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3. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
visual-spatial intelligence. 
4. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
musical intelligence. 
5. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
bodily kinesthetic intelligence. 
6. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
interpersonal intelligence. 
7. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
intrapersonal intelligence. · 
8. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
naturalist intelligence. 
d) Defme the following two constraints for the fuzzy decision making problem: 
1. The tutoring strategy should only include available presentation elements, i.e. elements which are implemented 
for the tutoring of a specific topic. 
2. The tutoring strategy should also include presentation elements with the ability to effectively communicate the 
full contents of a specific module or topic. 
e) Determine the satisfaction levels of the · 35 alternatives for the 8 goals and the 2 constraints. The satisfaction 
levels of the alternatives for the 8 goals are actually fuzzy descriptions that state to which degree each dimension 
is preferred by I can be associated with each presentation element. The fuzzy values range from "most" to 
"least" (from 9 to 1 on a numeric scale). 
f) Use the fuzzy values that describe the student's preferences for the 8 intelligences as the importance levels of the 
8 goals. These values will ensure that the intelligences which are preferred to the highest degree, will have first 
claim to the available presentation elements. This will further ensure that the associated presentation elements 
will get high ratings. 
Repeat steps (g) to {k) of section 5 .4.1. 
The next section is used to illustrate this procedure. 
5.5.2. An Example 
Description of Student 
Consider the hypothetical student from the example in section 5.8 of the previous chapter. The fuzzified results of 
the multiple intelligence quiz yield the following fuzzy description of the student's preferences: 
The student has very high preferences for elements from the bodily-kinesthetic and interpersonal intelligences, high 
preferences for elements from the naturalist intelligence, medium preferences for elements from the visual-spatial 
and intrapersonal intelligences, low preferences for elements from the linguistic and musical intelligences, and very 
low preferences for elements from the logical mathematical intelligence. 
Execute steps (b) to (d). 
Satisfaction Levels of the Goals and Constraints 
An example of the satisfaction levels for the 8 goals and 2 constraints for a specific presentation element is provided 
below. Remember that there are 35 such sets of satisfaction levels within this model. 
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Satisfaction Levels of the Goals for the Word Processor I Journaling Presentation Element 
The "linguistic" goal has a "most" satisfaction level, the "logical-mathematical" goal a "less" satisfaction level, the 
"visual-spatial" goal a "moderate" satisfaction level, the "musical" goal a "moderate" satisfaction level; the "bodily-
kinesthetic" goal a "less" satisfaction level, the "interpersonal" a "moderate" satisfaction level, the "intrapersonal" 
goal a "most" satisfaction level, and the "naturalist" goal has a "moderate" satisfaction level. 
Satisfaction Levels of the Constraints for the Word Processor I Journaling Presentation Element 
The "availability constraint has a "most" satisfaction level and the "capability" constraint a "strong" satisfaction 
level. 
Importance Levels of the Goals and Constraints 
Importance Levels of Goals According to Student's Description 
The "linguistic" goal has a "weak" importance level, the "logical-mathematical" goal a "small" importance level, the 
"visual-spatial" goal a "moderate" importance level, the "musical" goal a "weak" importance level; the "bodily-
kinesthetic" goal a "most" importance level, the "interpersonal" a "most" importance level, the "intrapersonal" goal a 
"moderate" importance level, and the "naturalist" goal has a "strong" importance level. 
Importance Levels of the Constraints 
The "availability constraint has a "more" importance level and the "capability" constraint a "less" importance level. 
Recommended Tutoring Strategy 
Execute steps (g( to (k) to obtain the following recommended tutoring strategy. 
Capable Presentation Element 
Teaching Games 
Essential Presentation Elements 
Computerized Adaptive Testing 
Generic Questioning 
Other Presentation Elements 
Explanations 
Step Charts 
Opportunity to reflect I think 
Case Studies 
WWW Exploration 
Elements from the Artificial Psychologist 
Artificial Psychologist: Emotions 
Artificial Psychologist: Study Habits 





Word Processor I Journaling 
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5.5.3. A Demonstration of the Assistant in Action 
Option H on the MI Main Menu (see section 5.9 in the previous chapter) provides a fuzzy description of the 
student's preferences for the learning elements of the 8 intelligences. 
Option I on the MI Main Menu lists the goals, constraints and alternatives of the fuzzy model that was built to 
prioritize the available presentation elements. The model was sketched and illustrated above. 
Option Jon the MI Main Menu lists the importance levels of the goals and constraints of this fuzzy model. 
Option K on the MI Main Menu lists the satisfaction levels of the goals and constraints for the 35 presentation 
elements of this fuzzy model. 
Option Lon the MI Main Menu displays a tutoring strategy that is based on the procedure outlined in section 5.5 .1 
An example of such a strategy is listed above (section 5.5.2). 
Experience has shown that the fuzzy decision making algorithm tends to produce a "safe" tutoring strategy. It 
happens, especially when a student has extremely strong preferences for certain intelligences, that the fuzzy model 
defmitely does not produce the optimal strategy. Instead it produces a good mix of presentation elements from the 
top three or four intelligences. In such cases the original strategy (not fuzzified) may be a better choice. The 
assistant was consequently adapted to test for such cases and to produce a recommendation that takes the above 
reasoning into consideration. If such an extreme case occurs, it recommends the tutoring strategy from the original 
approach. Otherwise the fuzzy tutoring strategy is recommended. Option M on the MI Main Menu provides such a 
balanced recommendation. 
Comment: 
The fuzzy decision making model needs a lot of fme tuning to make sure that the optimal strategy is recommended. 
The satisfaction levels must be chosen carefully to make it possible to effectively distinguish between the suitability 
of different presentation elements. A facility that makes it possible to change the default satisfaction levels will 
improve the usability of the assistant substantially. The V AK-based Assistant and the assistant based on Felder and 
Soloman's Index of Learning Styles have this facility (as was described in the previous chapter). 
5.6. A Teaching I Tutoring and Learning Assistant Based on My Original Implementation 
of Felder and Silverman's Model 
5.6.1. A Procedure Based on Fuzzy Expert- and Fuzzy Decision Making Systems 
The following procedure was designed for selecting presentation elements and a tutoring mode that match a student's 
preferred learning style: 
1. Obtain a description of our student's preferred learning style by administering 
a. A fuzzy expert system for Kolb's LSI; 
b. A set of four fuzzy expert systems that interpret a MBTI test; 
c. A fuzzy expert system for La Haye's temperament test; 
d. A fuzzy expert system for the visualizer verbalizer questionnaire; and 
e. A fuzzy expert system for the study preference questionnaire . 
2. Identify and prioritize needs, avoidances and preferences of the student. Use the classification obtained in (1) for 
this purpose. 
3. Map these learning elements (needs, avoidances and preferences) on the model of teaching and learning. 
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4. Use results from research in learning style theory and the student's classification (obtained in ( 1) and (3) above) 
to construct a fuzzy decision making model that decides on the most appropriate tutoring mode for the student. 
An example of such a model and its associated decision making procedure are provided in appendix 11 . 
5. Identify appropriate elements from the Artificial Psychologist to fulfill possible psychological needs the student 
may have. The contents of the "Artificial Psychologist" are provided in appendix 7. 
6. Map the needs, avoidances and preferences identified in (3), together with their priorities, on specific 
presentation elements. 
7. Construct a tutoring strategy by selecting a fixed number of presentation elements. Factors to consider when 
selecting these elements are the availability of a specific presentation element for the teaching of a particular 
subject, and very importantly, the ability of a selected presentation element to effectively communicate the 
contents of a specific module. 
5.6.2. An Example 
1. Description of the Student's Preferred Learning Style 
Consider a hypothetical student with the following classification: 
a. Classification According to Kolb's LSI 
Average Assimilator 
b. Classification According to MBTI Test 
Weak Extrovert & Very Strong Introvert 
Weak Sensory & Very Strong Intuition 
Average Thinking & Average Feeling 
Average Judging & Average Perception 
c. Classification According to La Haye's Temperament Test 
Very Strong Phlegsan 
d. Classification According to Visualizer Verbalizer Questionnaire 
Weak Visual Preference & Very Strong Verbal Preference 
e. Classification According to Study Preference Questionnaire 
Strong Sequential Preference & Average Global Preference 
2. A List of Prioritized Needs, Avoidances and Preferences 
Identify and prioritize the needs, avoidances and preferences that are applicable to the hypothetical student: 
The preferences that are assigned below are the results of the fuzzy expert systems. Although 7 different 
classifications of preferences are used in the implementations (weak, weak to average, average, average to strong, 
strong, strong to very strong and very strong), this example has only 3, namely weak, average and very strong 
(chosen like that for simplicity sake). 
• Average preferences are assigned, because of the student's classification as an average assimilator, to the 
learning elements associated with assimilators. 
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• Weak preferences are assigned, because of the student's classification as a weak extrovert, to the learning 
elements associated with extroverts. 
• Very strong preferences are assigned, because of the student's classification as a very strong introvert, to the 
learning elements associated with introverts. 
• Weak preferences are assigned, because the student has a weak sensory preference, to the learning elements 
associated with the sensory dimension. 
• Very strong preferences are assigned, because the student has a very strong intuition preference, to the learning 
elements associated with the intuitive dimension. 
• Average preferences are assigned, because the student has an average thinking preference, to the learning 
elements associated with the thinking dimension. 
• Average preferences are assigned, because the student has an average feeling preference, to the learning 
elements associated with the feeling dimension. 
• Average preferences are assigned, because the student has an average judging preference, to the learning 
elements associated with the judging dimension. 
• Average preferences are assigned, because the student has an average perception preference, to the learning 
elements associated with the perception dimension. 
• Very strong preferences are assigned, because of the student's classification as a very strong PhlegSan, to the 
learning elements associated with the PhlegSan temperament. 
It is clear from the fuzzy interpretation of the Visualizer Verbalizer Questionnaire that the student very strongly 
prefer verbal information. Learning elements should therefore be chosen accordingly. 
The classification of the fuzzy interpretation of the Study Preference Questionnaire is used in the fuzzy decision 
making system that is described in appendix 11 and that will be used to select an appropriate tutoring mode. 
3. Map Learning Elements on the Model of Tutoring and Learning 
All the learning elements, with their fuzzy priorities, are now mapped on the model of teaching and learning. They 
will therefore be classified into the following categories: 
1. Structured Presentation of Learning Material 
2. Unstructured Presentation of learning Material 
3. Moderately Structmed Presentation of Learning Material 
4. Active Learning Style 
5. Reflective Learning Style 
6. Sensory Preference 
7. Intuition Preference 
8. Inductive and Deductive Approach to Learning 
9. Visual and Verbal Preferences 
10. Sequential and Global Preferences 
11. Needs for Psychological Help 
The resulting classification of the elements into the different categories is provided below. 
1. Structured Presentation of Learning Material 
Prefer Logical Organization Of Material, Prefer Logical Organization Of Teacher, Prefer Business Like Approach 
To Material, Prefer Business Like Approach To Teacher, Prefer Formal Lectures, Prefer Study Of Objective 
Material, Need Order, Need Formalized Instruction, Prefer Structured Environment, Need Scheduling Time, Need 
Schedule And Sticking To It, Need Goals Set In Advance, Prefer Having A Plan And Sticking To It, Need A Study 
Schedule, Need Organized Teacher Lectures, Need Structured Didactics, Need Serious Instruction, Need Order. 
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2. Unstructured Presentation of learning Material 
Need Change, Need Working Flexibly, Need Autonomy, Prefer Unstructured Learning, Prefer Informal Learning, 
Need Discovery, Need Self Instruction, Need Courses Putting Person On Own Initiative, Need Low Structure, Need 
Questions Answered. 
3. Moderately Structured Presentation of Learning Material 
Need Self Instruction, Need Systematically Organized Courses, Need Structured Exploratory Observation, Need 
Moderate To High Structure . . 
4. Active Learning Style 
Need Small Group Discussion, Need Class Room Participation, Need Peer Feedback, Need Homework, Need To 
Model Teacher, Need To Judge Own Work, Need Activities To Apply Skills, Need Simulations, Need Laboratories, 
Need Field Work, Need Examples, Need For Doing, Avoid Lectures, Avoid Teachers As Task Masters, Avoid Right 
Or Wrong Evaluation, Need Personalized Feedback, Need To Share Feelings, Need Teachers As Friendly Helpers, 
Need Self Direction And Autonomy, Need Text Reading, Need Problem Sets, Need To Be Involved, Avoid 
Theoretical Reading, A void Classroom Participation, Prefer Being Active In Learning Situations, Prefer Oral 
Presentation Of Learning Material, Prefer Presenting Material Orally To Others, Prefer And Perform In Dialogues, 
Prefer Social Contact And Group Projects, Prefer Psychomotor Activities, Prefer Drill And Recitation, Prefer 
Teaching Games, Need Demonstrations, Need Laboratory Work. 
5. Reflective Learning Style 
Need Expert Interpretation By Teacher, Need Guidance From Teacher, Need Lecturing, Need Logs, Need 
Discussion, Need Brainstorming, Need Thought Questions, Need Rhetorical Questions, Need Journals, Need For 
Listening, Need For Watching, Avoid Classroom Participation, Avoid Task Orientation, Need Case Studies, Need 
Thinking Alone, Need Theory Readings, Need Lectures, Need Papers, Need Model Building, Need Projects, Need 
Analogies, Need Project Proposals, Need For Creating Ideas, Need For Thinking, Avoid Group Exercises, Avoid 
Personalized Feedback, Avoid Modeling Of Teachers, Avoid Sharing Of Feelings On Subject, Avoid Dealing With 
Here And Now Info, Avoid Simulations, Avoid Need To Be Self Directed, Prefer Reflection In Learning Situations, 
Prefer Working Individually, Need Time For Internal Processing, Need Solitude. 
6. Sensory Preference 
Need Order, Prefer Step By Step Practical Approach, Prefer Set Schedules And Goals, Prefer Films And Audio 
Visual Aids, Prefer Tasks Needing Carefulness, Prefer Tasks Needing Thoroughness, Prefer Tasks Needing 
Understanding, Prefer Tasks Needing Observing Specifics, Prefer Tasks Needing Memorizing Facts, Need 
Demonstrations, Need Laboratory Work, Need Computer Assisted Instruction, Need Films And Audio Visual Aids, 
Need Facts And Facts And More Facts, Avoid Independent Study, Need Sensory Rich Instruction, Need For Charts 
Diagrams Graphs. 
7. Intuition Preference 
Need For Autonomy, Need For Imaginativeness, Need Theoretical Orientation, Prefer Work On Own Initiative, 
Need Non Required Reading, Need Time Management, Need To Find Own Way In Material, Prefer Reading, Need 
Intellectual Stimulation, Prefer Tasks Requiring Insight, Prefer Tasks Requiring Grasping Of General Concepts, 
Prefer Tasks Requiring Imagination, Prefer Impulsivity, Prefer Tactile Learning, Need Serious Reading, Need 
Tutorials, Need Independent Study, Need Systematically Organized Courses, Need reading, Need Opportunities To 
Be Creative And Original. 
8. Inductive and Deductive Approach to Learning 
Need Inductive Instruction (Will be handled in Fuzzy Decision Making System). 
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9. Visual and Verbal Preferences 
Need Television, Need Films And Audio Visuals, Need Reporting To Class, Classification from Visualizer 
Verbalizer Questionnaire. 
I 0. Sequential and Global Preferences 
Need Big Picture, Classification from Study Preference Questionnaire, Will be handled in Fuzzy Decision Making 
System. 
II . Needs for Psychological Help 
Need Motivation, Need Discipline, Need Short Intense Sessions, Need Focussing On Tasks At Hand, Need For 
Further Exploration, Need Additional Reading Material, Need Help To Overcome Procrastination, Need For Short 
Term Assignments, Need Pressure, Need Order. 
Categories 4, 5, 6, 7, and 9 will be used to select presentation elements, while categories 1, 2, 3, 8 and 10 will be 
used in our fuzzy decision system (appendix 11) to select an appropriate tutoring mode. Category 11 will be used in 
the Artificial Psychologist Module. 
4. A Fuzzy Decision Making System to Select an Appropriate MOl 
Appendix 11 provides a complete demonstration on how fuzzy decision making can be used to select an appropriate 
tutoring mode. 
5. Identify Elements from the Artificial Psychologist 
The "Goal Setting", "Study Habits", and "Procrastination" elements from the Artificial Psychologist are 
consequently recommended (due to the very strong preferences of "PhlegSan"). 
6. Mapping Learning Elements on Presentation Elements 
See Section 6.3.6 in the previous chapter. 
7. Constructing a Tutoring Strategy 
The priorities associated with each presentation element are OR-red. These presentation elements are used within a 
specific tutoring mode (decided upon by the fuzzy decision process that is described appendix 11 (step 4 above)) . 
The resulting priorities for the different presentation elements are: 
1. Very Strong Preference for a Point-and-Query Interface Based on Quest Model 
2. Weak Preference for Computerized Adaptive Testing 
3. Very Strong Preference for Computerized Problem Solver 
4. Average Preference for Generic Questioning 
5. Very Strong Preference for Computer Mind Mapping Facility 
6. Average Preference for Explanations 
7. Very Strong Preference for Flowcharts 
8. Very Strong Preference for Step Charts 
9. Average Preference for Monitoring Systems 
10. Average Preference for Interactive Advisors 
11 . Very Strong Preference for Step-by-step Tutorials 
12. Average Preference for Examples 
13. Very Strong Preference for Demonstrations 
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14. Very Strong Preference for Diagrams 
15. Very Strong Preference for Theoretical Readings 
16. Average Preference for Drill-and-practice Exercises 
17. Very Strong Preference for Ask Stimulating questions 
18. Very Strong Preference for Descriptions 
19. Weak Preference for Pseudo-code for Procedure to Follow to Accomplish Task 
20. Weak Preference for Navigation Facility 
21 . Weak Preference for Practical Readings 
22 . Weak Preference for Cooperative learning 
23 . Average Preference for Teaching Games 
24. Average Preference for Case Studies 
25. Very Strong Preference for Opportunity to Reflect/Think 
A tutoring strategy is constructed by frrst selecting the "capable" presentation element with the highest priority, and 
then complementing it from the remaining presentation elements by selecting the four or five with the highest 
priorities (normally elements which are not capable to provide complete "lessons"). An additional balanced 
presentation element is also recommended and essential presentation elements, like the computerized adaptive 
testing procedure, is automatically included. 
the following tutoring strategy is the result: 
Capable presentation element 
Computer Mind Mapping Facility 





Opportunity to reflect/think. 
Essential presentation elements 
Computerized Adaptive Testing 
An additional, balanced presentation element 
Computerized Problem Solver 
Psychological help 
Artificial Psychologist: Goal Setting 
Artificial Psychologist: Study Habits 
Artificial Psychologist: Procrastination 
Ties are broken arbitrarily (randomly) when selecting the so-called "incapable" presentation elements. 
5.6.3. A Computer Model 
Two separate modules were programmed to implement the above-described two procedures: The one is used to 
select the appropriate tutoring mode (or MOl) and the other one to select a collection of presentation element for 
recommendation in a proposed tutoring strategy (within the specific tutoring mode). Demonstration versions of these 
two programs are available - see appendix 15 for instructions on where to get copies of them and on how to run 
them. 
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5.7. A Teaching I Tutoring and Learning Assistant Based on Felder and Soloman's Index of 
Learning Styles 
5.7.1. A Procedure Based on Fuzzy Decision Making 
a) Obtain a description of the student's learning style by administering Felder and Soloman's Index of Learning 
Styles. Determine fuzzy descriptions for the student's preferences for the various dimensions of this learning 
style. 
Suppose D 1 = the active dimension, D2 = the reflective dimension, D3 = the sensing dimension, D4 = the 
intuitive dimension, D5 ~ the visual dimension, D6 = the verbal dimension, D7 = the sequential dimension and 
D8 = the global dimension. The following 10 generic rules then govern this process (and are used as an 
alternative for a fuzzy expert system): 
1. If the difference between the student's scores for the D1 I D3 I D5 I D7 dimension and the D2 I D4 I D6 I D8 
dimension is equal to or larger than 9, then D1/D3/D5/D7 will get a very high preference and D2 I D4 I D6 I D8 
a very low preference. 
2. If the difference between the student's scores for the D 1 I D3 I D5 I D7 dimension and the D2 I D4 I D6 I D8 
dimension is equal to or larger than 7 and smaller than 9, then D1/D3/D5/D7 will get a high preference and D2 I 
D4 I D6 I D8 a low preference. 
3. If the difference between the student's scores for the D 1 I D3 I D5 I D7 dimension and the D2 I D4 I D6 I D8 . 
dimension is equal to or larger than 5 and smaller than 7, then D1/D3/D5/D7 will get a medium preference and 
D2 I D4 I D6 I D8 also a medium preference. 
4. If the difference between the student's scores for the Dl I D3 I D5 I D7 dimension and the D2 I D4 I D6 I D8 
dimension is equal to or larger than 3 and smaller than 5, then Dl/D3/D5/D7 will get a low preference and D2 I 
D4 I D6 I D8 a high preference. 
5. If the difference between the student's scores for the D1 I D3 I D5 I D7 dimension and the D2 I D4 I D6 I D8 
dimension is equal to or larger than I and smaller than 3, then Dl/D3/D5/D7 will get a very low preference and 
D2 I D4 I D6 I D8 a very high preference. 
6. 6-10. Swop Dl I D3 I D51 D7 and D2 I D4 I D6 I D8 in the above 5 rules and construct rules 6 to 10. 
b) Obtain a description of the student's temperament by administering La Haye's temperament test. Use the fuzzy 
expert system that fuzzifies the results of La Haye's temperament test to obtain a "fuzzy" description of the 
student's psychological needs. Use a specially programmed procedure to interpret the defuzzified results of this 
fuzzy expert system. 
c) Define the 35 presentation elements of section 5.7 in the previous chapter as the alternatives of a fuzzy decision 
making model (the elements from the artificial psychologist are included in this 35 presentation elements). 
Fuzzy decision making will be used to prioritize the presentation elements - it will be most likely for those with 
the highest priority to be included in the tutoring strategy. They will be the presentation elements which will be 
prefened to the strongest degree by the student. 
d) Defme the following 12 goals for this fuzzy decision making model: 
I. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
active dimension. 
2. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
reflective dimension. 
3. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
sensing dimension. 
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4. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
intuitive dimension. 
5. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
visual dimension. 
6. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
verbal dimension. 
7. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
sequential dimension. 
8. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
global dimension. 
9. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
sanguine temperament. 
10. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
choleric temperament. 
11 . The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
melancholy temperament. 
12. The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
phlegmatic temperament. 
e) Defme the following two constraints for the fuzzy decision making problem: 
1. The tutoring strategy should only include available presentation elements, i.e. elements which are implemented 
for the tutoring of a specific topic. 
2. The tutoring strategy should also include presentation elements with the ability to effectively communicate the 
full contents of a specific module or topic. 
f) Determine the satisfaction levels of the 35 alternatives for the 12 goals and the 2 constraints. The satisfaction 
levels of the alternatives for the 12 goals are actually fuzzy descriptions that state to which degree each 
dimension is preferred by I can be associated with each presentation element. The fuzzy values range from 
"most" to "least" (from 9 to 1 on a numeric scale). 
g) Use the fuzzy values that describe the student's preferences for the 8 dimensions of Felder and Silverman's 
model and the fuzzy values that describe the student's preferences for the 4 temperaments as the importance 
levels of the 12 goals. These values will ensure that the dimensions I temperaments which are preferred to the 
highest degree, will have first claim to the available presentation elements. This will further ensure that the 
associated presentation elements will get high ratings. 
Repeat steps (g) to (k) of section 5 .4.1. 
The next section is used to illustrate this procedure. 
5.7.2. An Example 
Description of Student 
Consider the hypothetical student from the example in section 6.4 of the previous chapter. The fuzzified results of 
Felder and Soloman's Index of Learning Styles and LaHaye's temperament test yield the following fuzzy description 
of the student's preferences: 
Very High Preferences for Elements of the Following Dimensions 
Sanguine Dimension of LaHaye's Temperaments 
Phlegmatic Dimension of La Haye's Temperaments 
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High Preferences for Elements of the Following Dimensions 
Active Dimension of Felder and Silverman's Model 
Intuitive Dimension of Felder and Silverman's Model 
Medium Preferences for Elements of the Following Dimensions 
Visual Dimension of Felder and Silverman's Model 
Sequential Dimension of Felder and Silverman's Model 
Global Dimension of Felder and Silverman's Model 
Low Preferences for Elements of the Following Dimensions 
Verbal Dimension ofFelder and Silverman's Model 
Reflective Dimension of Felder and Silverman's Model 
Sensing Dimension of Felder and Silverman's Model 
Very Low Preferences for Elements of the Following Dimensions 
Choleric Dimension of LaHaye's Temperaments 
Melancholy Dimension of La Haye's Temperaments 
Execute steps (c) to (e). 
Satisfaction Levels of the Goals and Constraints 
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An example of the satisfaction levels for the 12 goals and 2 constraints for a specific presentation element is 
provided below. Remember that there are 35 such sets of satisfaction levels within this model. 
Satisfaction Levels of the Goals for the "Computerized Problem Solver ... " Presentation Element 
The "active" goal has a "most" satisfaction level, the "reflective" goal a "weak" satisfaction level, the "sensing" goal 
a "most" satisfaction level, the "intuitive" goal a "more" satisfaction level; the "visual" goal a "strong" satisfaction 
level, the "verbal" goal a "more" satisfaction level, the "sequential" goal a "strong" satisfaction level, the "global" 
goal a "strong" satisfaction level, the "sanguine" goal a "least" satisfaction level, the "choleric" goal a "least" 
satisfaction level, the "melancholy" goal a "least" satisfaction level, and the "phlegmatic" goal has a "least" 
satisfaction level. 
Satisfaction Levels of the Constraints for the "Computerized Problem Solver ... " Presentation Element 
The "availability constraint has a "most" satisfaction level and the "capability" constraint a "moderate" satisfaction 
level. 
Importance Levels of the Goals and Constraints 
Importance Levels of Goals According to Student's Description 
The "active" goal has a "strong" importance level, the "reflective" goal a "weak" importance level, the "sensing" 
goal a "weak" importance level, the "intuitive" goal a "strong" importance level; the "visual" goal a "more" 
importance level, the "verbal" goal a "less" importance level, the "sequential" goal a "moderate" importance level, 
the "global" goal a "moderate" importance level, the "sanguine" goal a "most" importance level, the "choleric" goal 
a "small" importance level, the "melancholy" goal a "small" importance level, and the "phlegmatic" goal has a 
"most" importance level. 
Importance Levels of the Constraints 
The "availability constraint has a "more" importance level and the "capability" constraint a "less" importance level. 
Recommended Tutoring Strategy 
Execute steps (g) to (k) of section 5.4.1. to obtain the following recommended tutoring strategy. 
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Capable Presentation Element 
Teaching Games 
Essential Presentation Elements 
Computerized Adaptive Testing 
Generic Questioning 




A Point-and-Query Interface based on QUEST model. 
Computerized Problem Solver I Spreadsheets I Environment for calculations 
Elements from the Artificial Psychologist 
Artificial Psychologist: Goal Setting 
Artificial Psychologist: Emotions 
More Highly Rated Presentation Elements 
Practical Readings 
Step-by-step tutorials 
Word Processor I J ournaling 
WWW Exploration ofLP 
5.7.3. A Demonstration of the Assistant in Action 
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Option K on the Felder Main Menu (see section 6.4 in the previous chapter) provides a fuzzy description of the 
student's preferences for the learning elements of the 8 dimensions of Felder and Silverman's model and the 4 
temperaments of La Haye .. 
Option L on the Felder Main Menu lists the goals, constraints and alternatives of the fuzzy model that was built to 
prioritize the available presentation elements. The model was sketched and illustrated above. 
Option M on the Felder Main Menu lists the importance levels of the goals and constraints as well as the 
satisfaction levels of the goals and constraints for the 35 presentation elements .. 
Option N on the Felder Main Menu displays a tutoring strategy that is based on the procedure outlined in section 
5.7.1 An example of such a strategy is listed above (section 5.7.2). 
Option 0 on the Felder Main Menu provides a balanced recommendation regarding the optimal tutoring strategy. 
As was explained in section 5.5.3 above, whenever a student has an extremely strong preference for half of the 
dimensions, the original strategy, recommended by the procedure in section 6.4, might be the best. In other cases the 
fuzzy strategy is recommended. Option 0 displays the winner of the two competing strategies. 
6. Incorporating Fuzzy Logic into a General Learning Style Based Approach 
Towards Individualized Tutoring 
6.1. A Modification 
I have shown in sections 5.1, 5.2, 5.3 and 5.6 how fuzzy expert systems can be used to describe the degree to which 
the student prefers the various dimensions of a learning style and how this fuzzy values can be used to improve the 
construction of the recommended tutoring strategy. I have also demonstrated in appendix 11 how fuzzy decision 
making systems can be used to select the most appropriate MOl, if more than one is indeed possible. The general 
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learning style based approach towards individualized tutoring of section 7.1 in the previous chapter can be modified 
to include these improvements. A revised procedure is spelled out below. 
A Revised Procedure 
Use the same definitions as in section 7.1 of the previous chapter. 
Suppose fuzzy expert systems exist that can be used to fuzzify the results of the LSI-S. Also suppose that these fuzzy 
expert systems produce a set of fuzzy values, FuzValues. These fuzzy values (FI> F2, ... ) describe a student's 
preferences for the various dimensions of a learning style. F;, I = 1, 2, ... and can have values like "Very strong", 
"medium" and "weak". 
The following procedure can then be followed to individualize tutoring within intelligent learning environments: 
a) Obtain a description of the student's learning style by administering the appropriate set of learning style 
inventories (LSI-S). Utilize fuzzy expert systems to fuzzify the results thereof. Fuzzy values now describe the 
student's preferences forD, to D01 • 
b) Set up a fuzzy decision making problem like the one in appendix 11 and use the fuzzy decision making 
algorithm to solve the resulting problem. The winning alternative is automatically the most appropriate MOL 
The next 9 steps must be followed in order to construct a tutoring strategy. This strategy must consist of a set of 
PE's and CAMP's and should be used within the selected MOL 
c) Associate PE;'s with the various Dj's of the learning style model. Assign the fuzzy values associated with the 
various Dj's to the PE's associated with that Dj's. Then compile a list of all the presentation elements preferred 
by the student in the order of her/his preferences for it, from the highest to the lowest. Call it the Preferred PE 
List. If two or more fuzzy values are assigned to the same PE, use the highest of these values. 
d) Obtain a description of the student's psychological profile by administering the appropriate inventory (PPI) . 
Utilize fuzzy expert systems to fuzzify the results thereof. Fuzzy values now describe the student's preferences 
for MP 1 to MP1. 
e) Associate MP;'s with the various CAMPj's. Assign the fuzzy values associated with the various MPj's to the 
CAMPj's associated with that MPj's. Then compile a list of all the presentation elements from the computerized 
artificial mentor and -psychologist preferred/needed by the student in the order of her/his preferences for it, from 
the highest to the lowest. Call it the Preferred CAMP List. . If two or more fuzzy values are assigned to the 
same CAMP, use the highest of these values. 
f) Identify the capable presentation element with the highest rating within the Preferred PE List, and include it in 
the proposed tutoring strategy. 
Repeat steps (g) to U) of section 7.1 in the previous chapter. 
6.2. An Alternative Approach Based on Fuzzy Decision Making Systems 
The following procedure formally describes the methodology that was followed in sections 5.4, 5.5 and 5.7. 
a) Obtain a description of the student's learning style by administering the appropriate set of learning style 
inventories (LSI-S). Utilize fuzzy expert systems to fuzzify the results thereof. Fuzzy values now describe the 
student's preferences for D 1 to Dm. 
b) Obtain a description of the student's psychological profile by administering the appropriate inventory (PPI) . 
Utilize fuzzy expert systems to fuzzify the results thereof. Fuzzy values now describe the student's preferences 
for MP 1 to MP1. 
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c) Define the n PE/s and the s CAMP/s as the alternatives of a fuzzy decision making model. Fuzzy decision 
making will be used to prioritize the PE;'s and CAMPj·S- it will be most likely for those with the highest priority 
to be included in the tutoring strategy. They will be the PE;'s and CAMPi's which will be preferred to the 
strongest degree by the student. 
d) Define the following (m + t) goals for this fuzzy decision making model: 
The tutoring strategy should accommodate the student's preferences for learning elements characteristic of the 
D;, i = 1, 2, ... , m, dimension of the specific model of teaching and learning. 
The tutoring strategy should accommodate the student's preferences for learning elements characteristic of MP;, 
i = 1, 2, ... , t, dimension of the specific model of psychological profiles. 
e) Define the following two constraints for the fuzzy decision making problem: 
The tutoring strategy should only include available presentation elements, i.e. elements which are implemented 
for the tutoring of a specific topic. 
The tutoring strategy should also include presentation elements with the ability to effectively communicate the 
full contents of a specific module or topic. 
f) Determine the satisfaction levels of the n+s alternatives for the m+t goals and the 2 constraints. The satisfaction 
levels of the alternatives for the m+t goals are actually fuzzy descriptions that state to which degree each D; and 
MPi is preferred by I can be associated with each PEk and CAMP1. 
g) Use the fuzzy values that describe the student's preferences for the various Dis and MPj's as the importance 
levels of the m+t goals . These values will ensure that the D;'s and MPi's which are preferred to the highest 
degree, will have first claim to the available PE's and CAMP's. This will further ensure that the associated PE's 
and CAMP's will get high ratings. 
h) Execute the fuzzy decision making system, i.e. prioritize the list of PE's and CAMP's. Defme the PE's in this 
prioritized list as the Preferred PE List, and the CAMP's as the Preferred CAMP List. 
i) Identify the capable presentation element with the highest rating within the Preferred PE List, and include it in 
the proposed tutoring strategy. 
Repeat steps (g) to U) of section 7.1 in the previous chapter. 
6.3. An Evaluation 
By incorporating fuzzy logic into a general learning style based approach towards individualized tutoring, we have 
succeeded in addressing the three major shortcomings of the general approach that was sketched in the previous 
chapter. The modification proposed in section 6.1 ensures that the degrees to which the student prefers the various 
dimensions of the learning style are described and that the decision regarding the most appropriate tutoring mode is 
taken on a more scientific basis. The alternative approach of section 6.2 also describes the degrees to which the 
student prefers the various dimensions of the learning style and it makes provision for describing to which degree 
each presentation element suites each of the dimensions of the learning style 
The fuzzy approaches intuitively makes sense. Maybe this is so because they simulate a human decision maker's 
actions .- describing a student's learning style preferences in fuzzy terms and weighing all the alternatives before 
taking a well-informed decision. The incorporation of fuzzy logic has also shown that techniques from artificial 
intelligence can be used within the proposed conceptual framework and improve it. 
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Consider the alternative approach based on the fuzzy decision making algorithm. Experience has shown that the 
fuzzy decision making algorithm tends to produce a "safe" tutoring strategy. It happens, especially when a student 
has extremely strong preferences for certain dimensions, that the fuzzy model definitely does not produce the optimal 
strategy. Instead it produces a good mix of presentation elements from the top three or four dimensions. In such 
cases the original strategy (not fuzzified) may be a better choice. The assistants should be adapted to test for such 
cases and to produce a recommendation that takes the above reasoning into consideration. If such an extreme case 
occurs, it should recommend the tutoring strategy from the original approach. Otherwise the fuzzy tutoring strategy 
should be recommended. The assistants that are based on multiple intelligences and Felder and Soloman's Index of 
learning Styles were adapted to make provision for these cases. 
The fuzzy decision making model needs a lot of fine tuning to make sure that the optimal strategy is recommended. 
The satisfaction levels must be chosen carefully to make it possible to effectively distinguish between the suitability 
of different presentation elements. A facility that makes it possible to change the default satisfaction levels will 
improve the usability of the assistant substantially. The V AK-based Assistant and the assistant based on Felder and 
Soloman's Index of Learning Styles have this facility (as was described in the previous chapter). This facility also 
addresses another criticism that can be made against the fuzzy approach - it enables the user to change the default 
(subjective) satisfaction levels, and by doing so possibly make the assistant more credible. The fuzzy expert systems 
are also easy to build, and the user can, after easily mastering Fuzzy Knowledge Builder, build expert systems of 
her/his own. Again this will replace possible subjective evaluations (based on experience and on expertise, however) 
I have made in building these expert systems. 
There is and can be no guarantee that the strategy that is recommended by an assistant is the absolute optimal one. 
Within my conceptual framework the student is offered the recommended tutoring strategy. In most cases (s)he is 
then free to utilize any presentation elements of her/his choice, including the not recommended ones. If we assume 
that the student's choices reflect her/his real preferences, we can conclude that a way is needed to modify the 
recommended tutoring strategy so as to reflect the student's real choices. Chapter 10 will address this issue - the 
possible role that induction and neural networks can play, will be investigated. 
7. Carver's Approach 
7.1. Introduction 
I have already mentioned in chapter 7 that Carver's basic approach (Carver, Howard & Lavelle, 1996) is the one 
from the literature that is the closest to the approach I followed in the design of my teaching I tutoring and learning 
assistants. Although his work is in some respects very similar to mine (specifically regarding the Felder and 
Silverman model of teaching and learning), our work was done totally independent of each other. It was only after I 
have already completed the design of my teaching and learning assistants that I became aware of his research. There 
are also substantial differences between the two studies, but all in all we can say these two studies complement each 
other beautifully. These similarities and differences will be pointed out below. 
Carver and the U.S. Military Academy, have developed a hypermedia package for a computer science course on 
information systems (Carver, Howard & Lavelle, 1996). The package, which is distributed on the World Wide Web, 
is based on the Felder-Silverman model. Every lesson starts with a list of objectives and is followed by several 
different presentations of the lesson material, each geared toward a different learning style. For example, students 
can learn how to install a hard drive by going through a Harvard Graphics slide show, which is mostly text and 
appeals to verbal and sequential learners. Alternatively, they can learn the same thing by viewing embedded pictures, 
animations, and movies, which would appeal to visual and global learners. 
The hypermedia package allows students to assess their learning styles using an online version of the ILS. The Web 
interface then provides them the option of having the material presented in a manner compatible with their style 
preferences, structuring the lesson so that the preferred media elements come first. Students who prefer to organize 
the presentations themselves without following a particular sequence may do so also. The hypermedia package can 
be accessed at http://www.eecs.usma.edu/cs383/tools.htrn. 
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Key to their approach is a determination of what types of media types are appropriate for different learning styles. 
Slideshows, graphics and digital movies clearly appeal to visual learners within their system, while hypertext with its 
text-based, hierarchical presentation of material appeals to verbal, sequential learners. For other media types media 
content determines the degree of support for each learning style. Each media element I tool was rated on a scale 
from 0 to 100 to determine the amount of support for each learning style. This rating was combined with the student 
profile to produce a unique ranking of each media type from the perspective of the student's unique profile. This 
ranking will differ from course to course depending on the course and media content. Different courses, media and 
instructors will result in different tool ratings. 
7.2. Granularity of Media Ranking 
Carver, Howard and Lavelle (1996) found that the granularity of media ranking can significantly impact on the 
overall effectiveness of the hypermedia interface within their system. If each media element ( cpu.gif, intro.wav) can 
be assigned a learning style ranking, the adaptive hypermedia system has fme granularity. If each media type (sound 
files, graphics, hypertext) receives a ranking then the adaptive hypermedia system has coarse media granularity. 
They say that there is a defmite tradeoff between the accuracy of the adaptive hypermedia interface and the speed of 
development of the hypermedia courseware. Adaptive hypermedia systems with fme media granularity accurately 
match the student's learning styles with the specific media that most directly supports that learning style. Each media 
element must, however, be rated in terms of its support of different learning styles. Adaptive hypermedia systems 
with coarse granularity can be developed more quickly but are not as accurate. 
The size of the hypermedia courseware under investigation and the homogeneous nature of the media elements used 
there within, determine whether a fme or coarse granularity approach should be followed. As the size of the system 
grows, the cost of providing fme tool granularity also grows. If the media elements within a media type are 
homogeneous, for example, all of the sound files are voice-overs used for the same specific purpose, then little 
accuracy is gained using a fme granularity adaptive interface. The size of Carver's system and the usage of fairly 
homogeneous media elements within the different media types persuaded him that the coarse granularity model is 
better for his application. 
7.3. Similarities and Differences Between Carver's and My Approach 
The following discussion compares Carver's approach with my implementation of Felder and Silverman's model. 
Both approaches require or utilize a rating that reflects the degree to which each of the available presentation 
elements supports each of the dimensions of the learning style model. Both approaches take, in addition to these 
ratings, also the student's profile into consideration when constructing a teaching I tutoring strategy. The way in 
which this is done vary, however (fuzzy decisions in mine). Within both environments the student also has the 
freedom to select presentation elements of her/his choice (recommended and not recommended ones). The coarse 
granularity model is also used within my approach, and like in Carver's approach, my approach utilizes fairly 
homogeneous presentation elements. 
Carver's approach is internet-based and my approach is PC-based. My approach can, however, easily be adapted to 
be usable within internet-based systems. Carver's approach is focussed on one specific application. Mine, on the 
other hand, is transferable to other domains. The user can even construct her/his own set of presentation elements 
and consequently use the teaching/tutoring and learning assistant to produce an advanced, tailor-made tutoring 
strategy. 
Carver's approach does not attempt to model the reflective I active dimension. My approach attempts to. Even the 
inductive/deductive dimension is included in my original approach to implement Felder and Silverman's model. The 
utilization of fuzzy expert- and fuzzy decision making systems further distinguishes my approach from Carver's. 
"Which methodology is best? " is a difficult question to answer. Both models have merit and probably are best 
suited to the environments they were created for. 
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A combination of the two approaches is also possible, and probably very useful. A procedure that describes such a 
fuzzified version of Carver's approach is outlined below. It can still make use of fuzzy expert systems, but the fuzzy 
decision making system is not needed. 
7.4. A Fuzzy Version of Carver's Approach 
a) Obtain a description of the student's learning style by administering Felder and Soloman's Index of Learning 
Styles. Determine fuzzy descriptions for the student's preferences for the various dimensions of this learning 
style. Use the rules outlined in section 5.7.1 (a). 
b) Obtain a description of the student's temperament by administering La Haye's temperament test. Use the fuzzy 
expert system that fuzzifies the results of La Haye's temperament test to obtain a "fuzzy" description of the 
student's psychological needs. Use a specially programmed procedure to interpret the defuzzified results of this 
fuzzy expert system. 
c) Rate each of the presentation elements on a scale from 0 to 100 to determine the amount of support for each 
dimension of the learning style model (for the active, reflective, sensing, intuitive, visual, verbal, sequential, 
global, sanguine, choleric, melancholy and phlegmatic dimensions). 
d) Select the top two or three dimensions in Felder and Soloman's model. Compile an ordered list of presentation 
elements from the student's preferences for the presentation elements associated with this dimensions. The 
presentation elements are therefore ranked from high to low, i.e. from most preferred to least preferred. Call this 
list the Preferred PE List. Exclude elements from the artificial psychologist from this list. 
Select the two dominant temperaments in La Haye's model. Compile an ordered list of the artificial psychologist 
based presentation elements. Do this on the basis of the student's top two temperaments and her/his preferences 
for the various presentation elements from the artificial psychologist associated with these temperaments. Call 
this list the Preferred CAMP List. 
e) Include the capable presentation element with the highest rating in the Preferred PE List in the student's 
tutoring strategy. 
f) Include the "generic questioning" and the "computerized adaptive testing" presentation elements as essential 
elements within the proposed tutoring strategy. 
g) Select the five highest rated presentation elements from the Preferred PE List, and include them in the tutoring 
strategy under the heading "Other Presentation Elements" . 
h) Select the two highest rated presentation elements from the Preferred CAMP List and recommend that they be 
included in the tutoring strategy. Place them under the heading "Elements from the Artificial Psychologist". 
i) List the remaining presentation elements among the top ten from the Preferred PE List that have not been used 
thus far, and include them under the heading "More Highly Rated Presentation Elements". 
8. Contribution to Knowledge 
8.1. Value Added 
This study and specifically this chapter add value in a number of significant ways: 
• This study is the most comprehensive effort the author knows of on the incorporation of learning styles and 
models of teaching and learning into computer-based tutoring environments. 
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• The usage of fuzzy logic to further optimize the strategies that were presented in the previous chapter is novel 
and extremely practical 
• The formulation of a general learning style based approach towards individualized tutoring is also, in the 
author's opinion, a valuable contribution to the field of intelligent tutoring environments. 
• The design and implementation of the teaching I tutoring and learning assistants so that they can be usable both 
within the traditional classroom and within intelligent tutoring environments definitely add value. 
• The versatility of these assistants and the fact that they are transferable to other domains contribute significantly 
to this study's success. 
8.2. Supporting the Goals of the Study 
The main goal of this chapter was to investigate and demonstrate how fuzzy expert- and fuzzy decision making 
systems can be used to improve the general learning style based approach towards individualized tutoring that was 
sketched in the previous chapter and to provide strategies on how the shortcomings of this approach can be 
overcome. The general learning style based approach towards individualized tutoring that was outlined in section 6 
is the result. This chapter has therefore succeeded in addressing the goal: 
"To investigate techniques from artificial intelligence and how they could be used within the proposed conceptual 
framework to improve it. Also to implement these techniques, where appropriate, in order to demonstrate how they 
could be used to improve the performance and functionalities of the proposed tutoring environment". 
Because this chapter basically modifies the strategies of the previous one, the goals that are supported there are also 
supported here. The main goal supported, however, remains the incorporation of fuzzy logic into the tutoring 
environment. 





A Thinking Style Based Approach to Individualization within 
Intelligent Tutoring Environment and to the Integration 
Teaching of Thinking within the Curriculum 
1. Introduction: Why a Thinking Style Based Approach and an Outline of the 
Chapter 
1.1. Thinking Style Based Approaches for Individualization 
There are general consensus among the world's leading authorities on revolutionary teaching and learning methods 
that the teaching of thinking should be included in the curriculum of the 21 st century (see chapter 6). It was 
therefore decided to also include it in the curriculum of this framework and to use it there within to simultaneously 
teach I tutor students on topics from the LP curriculum and on various aspects of thinking. 
The theory of thinking styles provides an ideal way to individualize this teaching of thinking. The principles that 
styles are teachable and socialized and that people differ in their stylistic flexibility (section 2.4) open up doors for 
further applications of thinking styles: They could be used to develop people's stylistic flexibility, to strengthen 
people's strong thinking styles, and to develop their less favorite ones. The principles that styles are measurable and 
that people have profiles of styles (section 2.4), and an assumption that different aspects of thinking are associated 
with the various thinking styles (section 5.1) further imply that they could possibly be used to individualize the 
teaching of thinking. Activities that involve De Bono's thinking skills exercises and the principles of teaching 
thinking will be used in the process. A thinking style based approach towards individualized teaching of thinking is 
presented in section 5. 
Because thinking styles are very closely related to learning styles, it can also be used to individualize teaching I 
tutoring. The principles that styles are measurable, that people have profiles of styles and that styles are variable 
across tasks and situations (see section 2.4) imply that they could be tailored to fit an individual's needs and 
preferences. This also implies, if we assume that specific instructional methods are more suited to one style than the 
other (section 2.6), that they could be individualized within my conceptual framework. A thinking style based 
approach towards individualized tutoring is presented in section 3. 
This chapter is consequently dedicated to the theory of thinking styles and to applications thereof within my 
conceptual framework. 
1.2. Addressing the Goals of the Study 
This chapter addresses or touches on the following six major goals of this study : 
l. To incorporate learning style and teaching and learning models into teaching systems; 
2. To integrate within the curriculum of the tutor elements on how-to-think, how-to-learn, and how-to-teach (three 
essential skills of the 21 st century); 
3. To develop computerized modules that demonstrate the most important techniques discussed and developed in 
this document; 
4. To develop a series of independent modules that could be used to improve the quality of traditional classroom 
instruction and that could be integrated within newly created computerized tutoring environments; 
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5. To provide novel ways on how to use technology to improve the quality of engineering- and more specifically 
LP education; and 
6. To investigate techniques from artificial intelligence and how they can be used within the proposed conceptual 
framework. 
1.3. Detailed Layout of the Chapter 
This chapter introduces the concept of thinking styles and uses it as the basis of a computerized assistant that 
individualizes tutoring and the teaching of thinking within my conceptual framework. 
Section 2.1. provides a formal defmition of thinking styles and section 2.2 puts thinking styles within the context of 
research on styles. Cognitive-, personality- and activity-centered styles are considered. Objections against some 
these approaches are then made and an alternative, truly style based approach is suggested. Two models of thinking 
styles are suggested in section 2.3 : Sternberg's theory of mental self-government (the answer to the above-mentioned 
objections?) and Gregorc's energetic theory of mind styles. 15 key principles of thinking styles are listed in section 
2.4. These principles are very important because they actually open the door for two thinking style based 
applications: The individualization of teaching I tutoring within both the traditional classroom and within my 
conceptual framework, and the individualization of the teaching of thinking. 
Several variables that influence the development of thinking styles are listed and discussed in section 2.5. These 
variables include culture, gender, age, parenting styles, and schooling and occupation. These factors will all play a 
role in the design of the individualized thinking style based approach towards individualization that will be 
formulated and demonstrated in section 3. 
Section 2.6. investigates the role of thinking styles in the classroom. It considers research results and its implications 
and will play a major role in the design of the thinking style based assistant in section 3. The following factors are 
discussed: 
• The relation between thinking styles of teachers and grade taught; 
• The relation between thinking styles of teachers and the age of teachers; 
• The relation between thinking styles of teachers and subject area taught; 
• The relation between thinking styles of teachers and type of subject; 
• The relation between thinking styles of teachers and ideology; 
• Thinking styles of students; 
• The relation of thinking styles of teachers and students; 
• The relation of thinking styles to abilities in predicting achievement; 
• Thinking styles and methods of instruction; 
• Thinking styles and method of assessment; and 
• Thinking styles and methods of assignment. 
A thinking style- and computer based teaching and tutoring assistant that individualizes instruction is presented in 
section 3. It utilizes the research fmdings reported in sections 2.5 and 2.6, it formulates a general procedure for 
individualization, illustrates it by means of an example and also presents a demonstration of a computerized tool that 
implements this method. Screenshots from the actual implementation are included This approach is very similar to 
the general approach that was formulated in section 6 of chapter 8. 
Section 4 is dedicated to the teaching of thinking, to find ways on how to incorporate thinking styles in the teaching 
of thinking and on how this process can be individualized. It investigates different approaches to the teaching of 
thinking in section 4.1 and provides a broad overview of De Bono's approach to the teaching of thinking in section 
4.2. De Bono's CoRT program is discussed, research results on its application are listed, a selection of thinking tools 
from his programs is identified for application within my framework, the role of teaching games are spelled out and 
the relation between various aspects of thinking and thinking tools and games are determined. Other electronic 
media-based approaches to the teaching of thinking are described in section 4 .3. 
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Section 5 presents two thinking style based approaches to individualization and the teaching of thinking, namely 
Sternberg's theory of mental self-government (section 5.1) and Gregorc's energetic theory of mind styles (section 
5.2). In both cases procedures are sketched that match a student's preferred thinking style with the most appropriate 
thinking games and -tools Examples are also provided that illustrate these procedures and instructions on where to 
fmd computerized tools that implement these procedures are listed. A step-by-step demonstration of the 
computerized tool that implements Sternberg's approach is also provided. A number of menu screen shots are 
included to give the reader a good overview of how the procedure actually works. 
The learning style models of chapters 6 to 8 can also be adapted to individualize the presentation of thinking games 
and -tools. It is shown in sections 6.1 and 6.2 how two of them, a modified version of Felder and Silverman's model 
and a modified version ofNeethling's approach, can be adapted to take on this function. These descriptions take on 
the same format as those presented in section 5. 
Section 7 describes the development of CATS BATTLE, a Computer Assisted Thinking Style Based Assistant for 
Thinking, Teaching and Learning Exploration. CATS BA TILE provides kiosk information on thinking styles and 
explores its relation to teaching, thinking and learning. It also hosts two thinking style based assistants that 
individualize teaching I tutoring and the teaching of thinking. A student's unique profile of thinking styles is used as 
the basis of this individualization. 
Section 8 concludes this chapter by addressing the following four questions: 
• What role can these thinking style based approaches play in improving the quality of teaching and learning? 
• Why implement more than one model of thinking styles? What about all the other style based approaches 
presented earlier? Which model is the best? 
• How does this chapter support the main goals and objectives of this study? 
• What does CATS BATTLE contribute to research in computer-based education? How does it add value? 
2. Thinking Styles 
2.1. Definition 
What happens to us in life depends not just on how well we think, but also on how we think. People think in 
different ways and research has shown that people overestimate the extent to which others think the way they do. 
Robert Sternberg (1997) defmes thinking styles as follows: 
"A style is a preferred way of thinking. It is not an ability, but rather how we use the abilities we have. A style is a 
preference. Various styles are not good or bad, only different. We do not have a style, but rather a profile of styles. 
That means that we show varying amounts of each style. We are however not locked into any one profile. We can 
vary our styles to suit different tasks and situations." 
People may be practical identical in their abilities and yet have very different styles. But society does not always 
judge people with equal abilities as equal. Rather, people whose styles match those expected in certain situations are 
judged as having higher levels of abilities, despite the fact that what is present is not ability, but fit between those 
people's styles and the task they are confronting. 
Often, the tasks people face could be arranged better to fit their styles, or they could modify their styles to fit the 
tasks. But if an attribution is made that the people do not have the requisite abilities, the people typically never even 
get a chance to change their approach. 
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2.2. Sternberg's Thinking Styles within the Context of Research on Styles 
Sternberg( 1997) identified three major movements in the research on thinking and learning styles, namely cognition-
centered styles, personality-centered styles and activity-centered styles. A very brief overview of each is provided in 
the following three subsections. Thereafter a summary of Sternberg's critique against these styles is provided, and 
his proposed theory of thinking styles that has, presumably, overcome these shortcomings, is mentioned (his theory is 
described in great detail in sections 2.3., 2.4. and 2.5). References to some of the learning style models that were 
implemented within my conceptual framework (and discussed in the previous three chapters) and others that were 
also mentioned in chapter 6, are also made. Note that Sternberg's critique against some of these models is aimed at 
them as models of style and does not necessarily question their usefulness or effectiveness. Most of them have 
indeed proved themselves to be very useful and effective, as was reported. His critique should be read and 
interpreted in the context of research on styles. 
2.2.1. Cognition-Centered Styles 
The study of cognition on how we perceive, how we learn and how we think has produced a number of styles. A 
selection of them is mentioned here. Detailed references to these approaches can be found in Sternberg (1997). 
Because most of them, according to Sternberg, basically model abilities rather than styles (as their "founders" 
claimed) and they consequently have no relevance to my approach that emphasizes styles, they are not discussed in 
detail. They are, however, listed in order to provide the reader with a relatively "big picture" regarding research on 
styles. Most of them were constructed during the period that stretched from the early 1950's to the late 1960's. 
Witkin (1973) suggested that people could be categorized in terms of the degree to which they are dependent on the 
structure of the prevailing visual field. Some people are highly dependent on this field, others are not. The kind of 
person who is relatively more field-independent is the person who, when on an airplane, can sense whether the plane 
is level with the ground or flying at an angle - without looking out the window to figure out the plane's orientation 
relative to the ground. This cognitive style construct and research on its role in computer-assisted instruction were 
discussed in section 5.1 of chapter 6. 
According to Gardner (1953) people differ in their categorizing behavior. Some people tend to see things that are 
even very different as almost alike. Other people see things that are even very similar as very different. Sternberg 
(1997) calls this cognitive style construct "equivalence range" and gives a number of examples. What is a "doggie" 
to a very young child may include not only dogs, but also cats and other domesticated animals. What would all 
appear to be wildflowers to a novice would appear as a wide variety of different types of wild flowers to an expert. 
The cognitive style construct "category width" measure the extent to which people tend to see categories as being 
relatively broader or relatively narrower. When people are asked to estimate ranges, some of them consistently tend 
to give broad estimates, whereas others tend instead to give relatively narrow estimates. The tendency to estimate 
high or low is used as an estimate of category width (Pettigrew, 1958). 
Kagan, Joss and Sigel (1963) observed that people have different conceptual styles and that they consequently have 
difference preferences that depend on how they classify concepts. People with an analytical-descriptive style tend to, 
for example, group together pictures on the basis of common elements, people with a relational style tend to group 
things together because of functional, thematic relations, and people with an inferential-categorical style tend to 
group objects together because of an abstract similarity that can be inferred but usually not directly observed. 
Kagan ( 1966) also identified another style which he called the impulsivity-reflectivity style. The impulsive person is 
the one who completes a lot of the task, but allows him- or herself to make mistakes. The reflective person is the one 
who completes less of the task, but is more careful not to make mistakes in what he or she does complete. The 
individual usually does not make a conscious choice, but does what feels natural for him or her. 
More cognitive style constructs that have been researched and proposed are compartmentalization, conceptual 
integration, tolerance for umealistic experiences and scanning. 
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Compartmentalization refers to the extent to which a person tends to compartmentalize ideas or things in discrete 
categories. A compartmentalizer likes to put things in a box with label (Messick & Kogan, 1963). 
Compartmentalization can help people organize their world, but it can also result in their becoming quite rigid. In 
negotiations, for example, compartmentalization often results in talks that stall and get nowhere. 
Conceptual integration refers to a person's tendency to relate or hook up parts or concepts to each other to make 
meaningful wholes (Harvey, Hunt & Schroder, 1961). Doctors who try to put together symptoms in a meaningful 
pattern so that they can form a diagnosis are conceptual integrators. 
Tolerance for unrealistic experiences (Klein & Schlesinger, 1951) refers to the extent to which a person is willing to 
accept and report experiences at variance with the conventional experiencing of reality as we know it. Some people, 
for example, enthusiastically take part in virtual-reality experiences whereas other people have no desire for such 
experiences. 
Gardner & Moriarty (1968) defmed scanning as the extent to which an individual attempts to verify judgements he or 
she makes. 
Sternberg ( 1997) states that most of these cognitive styles seem too close to abilities. He says: "Isn't it almost better, 
say, to be field-independent rather than field-dependent, or reflective rather than impulsive?" These styles become 
like abilities and it is therefore inevitable that one style will be viewed as better than another overall. This seems to 
carry us away from the whole notion of what a style is supposed to be about. 
2.2.2. Personality-Centered Styles 
Jung's theory of psychological type, as interpreted by Myers and Myers and reported in the previous three chapters 
as applications of the Myers Briggs Type Indicator, is an example of what Sternberg (1997) calls personality-
centered styles. This theory has probably been the most widely applied of all the theories of styles. It has been used 
in settings such as business and education, as was reported in the previous three chapters and in appendix 6. 
Anthony Gregorc (1979, 1984) suggested another personality-centered theory. It is based on the notion that people 
differ in the ways they organize space and time. With regard to space, people are classified as either concrete or 
abstract. Concrete people prefer dealing with the physical expression of information and abstract people with more 
metaphorical expression. With regard to time, people are classified as either sequential or random. A sequential 
person likes things to be presented in a step-by-step, orderly manner, whereas a random person likes things presented 
in a more haphazard way. Since this is a very simple approach that has been used widely and with great success in 
SuperCamp's in the United States (Dryden & Vos, 1994), it seemed also like a good method to add to our collection 
of computerized style assistants. A more complete description of this approach is consequently provided in section 
2.3 .2. A description on how it can be used to individualize instruction within my conceptual framework is provided 
a little later in section 4. 
Just as the cognitive styles come extremely close to abilities, the styles in the personality-based theories seem to 
come extremely close to personality traits (Sternberg, 1997), again a movement away form the notion of a style as 
defmed in section 2.1. 
2.2.3. Activity-Centered Styles 
Activity-centered theories of styles are more action-oriented than are cognitive- or personality centered theories. 
They tend more to be centered around kinds of activities people engage in at various points in their lives, such as 
schooling and work. 
Theories of learning styles deal with how people like to learn. Kolb's theory, Felder and Silverman's model of 
teaching and learning, and Dunn and Dunn's theory are examples thereof and have been described extensively in the 
previous three chapters. 
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Holland's Strong Vocational Interest Blank (SVIB) (Holland, 1973) theory, on the other hand, has been used 
primarily in the occupational world. It specifies five styles that people should take into account in making job 
choices: realistic, investigative, artistic, social, and enterprising. Scores on these styles help people narrow down 
vocational choices to ones that make extensive use of their preferred styles. 
2.2.4. Sternberg's Objections to the Various Styles of Thinking and Learning 
Sternberg ( 1997) highlights 10 main problems he has with the styles that are summarized above and then formulates 
his theory of mental self-government in an attempt to overcome these shortcomings and to present a theory that is 
based purely on styles and not abilities, personalities or variables that affect styles. Four of his main objections to 
the above-described styles, and my comments on them with regard to the learning style based approaches I proposed 
in the previous three chapters, are: 
a) Some of the styles seem to much like abilities. I have already mentioned this criticism in the section on cognition-
centered styles. It is also possibly applicable to the macroadaptive approach of Shute (1995) which focuses on 
general, long-term aptitudes such as working memory capacity, associative learning ability and impulsivity. 
From the standpoint of styles, as defmed in section 2.1., Shute's approach is therefore not based on learning 
styles but rather on abilities. Gardner's theory of multiple intelligences as well as Neethling's model that is 
based on left- and right brain preferences probably also fall under this criticism. It does not, however, take 
anything away from their ability or effectiveness as methods to individualize tutoring or teaching. It merely 
attacks their, or my, claims to be purely style based approaches. 
b) Some of the styles seem too much like personality traits. This objection was already mentioned in the section on 
personality-centered styles and was made in reference to these styles, specifically applications of the Myers 
Briggs Type Indicator. Again I must stress that this criticism does not take anything away from the usefulness of 
these applications. It merely questions the validity of calling them learning style based applications - rather call 
them personality based applications. They still do a marvelous job in individualizing instruction within my 
conceptual framework, and in the other applications described in chapter 6. 
c) The theories don't seem to be theories of styles at all, but rather of the variables that affect styles. This criticism 
applies most clearly to the theory of Dunn and Dunn, mentioned in the section on activity-centered styles and 
described in chapter 6 and appendix 6. According to Sternberg, Dunn and Dunn's theory specifies 
environmental variables that might affect styles of learning rather than specifying styles themselves. This is 
exactly the way Dunn and Dunn's learning style inventory is meant to be used within my conceptual framework. 
The student should use the results of the inventory to arrange his or her environment so as to optimize it for 
learning. If he or she, for example, has a preference for learning late in the morning, he should schedule his 
sessions with the tutor late in the mornings, and if he or she prefers to have a drink while learning, he or she 
should make him or herself a cup or glass of his or her favorite beverage before sitting down for a learning 
session with the tutor. Dunn and Dunn's inventory is administered by CAMPFILE 2005 within my conceptual 
framework and aims to get the student in the right state of mind for the learning session. 
d) There is little or no serious research to show the usefulness of the styles. This may well be the case for the styles 
described above, but certainly are not true for all the style-or ability-based approaches I described in the 
previous three chapters. Traditional and computer-based applications that show the usefulness of the Kolb 
model, the Myers-Briggs Type Indicator, the Hermann Brain Dominance Instrument, Howard Gardner's theory 
of Multiple Intelligences and the Felder-Silverman model were listed in section 4 of chapter 6 Computer-based 
Teaching and Learning assistants that implement these models were developed and are reported on in the 
previous two chapters. Sections 2.4 to 2.6 below will be used to supply details about and support for the 
usefulness of Sternberg's answer to these and other objections (as reported in Sternberg (1997)), namely his 
theory of mental self-government. But first this theory is introduced in the next section and described in more 
detail in section 2.3. 
Stellenbosch University  https://scholar.sun.ac.za
238 
2.2.5. Sternberg's Thinking Styles: The Answer? 
Sternberg formulated a theory of mental self-government that does not show any of these shortcomings. A model of 
teaching, thinking and learning that is based there upon can therefore be described as a truly style based approach -
compared to some the others which are more ability- or personality based. 
Sternberg assumes that the kinds of governments in the world are not merely arbitrary and perhaps random 
constructions, but rather in a certain sense are mirrors of the mind. They reflect different ways in which people can 
organize or govern themselves. Governments are therefore very much extensions of individuals. They represent 
alternative ways in which collectivities, like individuals, can organize themselves. Governments have various 
functions (e.g. legislative, executive judicial), forms (e.g. monarchic, hierarchic, oligarchic, anarchic), levels (e.g. 
global, local), orientations (e.g. internal, external) and leanings (e.g. liberal, conservative). Similarly, styles need to 
take into account these various aspects of individual functioning. 
By showing the following ten characteristics, Sternberg in effect says that his approach is the answer to the search for 
a truly style based approach: 
1. There is an unifying model or metaphor that integrates the various styles and all of the styles correspond to 
aspects of this metaphor (government). 
2. The styles are not like abilities and the notion of abilities does therefore not apply to his theory of mental self-
government. 
3. The styles in his model are not like personality traits. 
4. There is a compelling demonstration of the relevance of his styles in real-world settings. 
5. There is, in general, sufficient connection between the theories of styles and psychological theory. 
6. The styles specified by his theory are compelling. 
7. There is sufficient use of converging operations, or multiple methods of measurement within his theory. 
8. There are sufficient and serious research results available to show the usefulness of his approach (see section 
2.6). 
9. Sternberg's theory is in fact a theory of styles and not merely one of the variables that affect styles. 
10. The styles specified by his theory meet some or even most of the criteria that are set for a truly style based 
approach. These criteria or principles of styles are listed in section 2.4. , it will further highlight the difference 
between styles and abilities, they should help the reader to better understand the notion of styles and they should 
complement the defmition of styles provided in section 2 .1 . 
Comprehensive explanations of exactly how and why the theory of mental self-government resembles these 
characteristics can be found in Sternberg (1997). 
If we therefore want to develop a truly style-based tutor, it should be based upon Sternberg's research! 
2.3. Models of Thinking Styles 
Various models that attempt to describe how people think have been proposed by researchers, as was mentioned in 
the previous section. Example of thinking style based approaches include Sternberg's theory of mental self-
government (Sternberg, 1994 & 1997) (already introduced in the previous section), Gregorc's energetic theory of 
mind styles (Gregorc, 1979 & 1984), and Holland's Strong Vocational Interest Blank (SVIB) (Holland, 1973). For 
the purposes of my conceptual framework, I am not interested in Holland's theory. The other two will, however, be 
used in my framework for style and computer-based tutoring environments, and are consequently described below. 
2.3.1. Sternberg's Theory of Mental Self-Government 
2.3.1.1. Introduction 
The reader will probably remember from the previous section that the theory of mental self-government is a theory of 
thinking styles and an attempt to describe how people think. The basic idea is that we must organize or govern 
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ourselves, and the ways in which we do correspond to the kinds of governments and government branches that exist 
world wide- legislative, executive, judicial, monarchic, hierarchic, oligarchic. 
The forms of government in the world are not coincidental. They are external reflections of what goes on in people's 
minds. They represent alternative ways of organizing our thinking. The forms of government we see are mirrors of 
our minds. 
Sternberg ( 1997) noticed that there are a number of parallels between the organization of the individual and the 
organization of society: 
• Just as society needs to govern itself, so do we need to govern ourselves. 
• We need to decide on priorities, as does a government. 
• We need to allocate our resources, just as does a government. 
• We need to be responsive to changes in the world, as does a government. 
• Just as there are obstacles to change in government, so are there obstacles to change within ourselves. 
There are 13 styles within this theory and are organized under five categories: Functions, forms, levels, scope and 
leanings. Most of us tend toward one style within each of these five categories, although these preferences may vary 
with the task and situation. 
A short explanation of each of these five categories and the thinking styles there within follow. 
2.3.1.2. Functions 
Governments can be organized in different ways, but all of them need to accomplish at least three different functions: 
Executive, legislative and judicial. The executive branch carries out the initiatives, policies, and laws enacted by the 
legislative branch, and the judicial branch evaluates whether the laws are being carried out correctly and if there are 
violations of these laws. People also need to perform these functions in their own thinking and working. 
People with an executive thinking style like to follow directions, do what he or she is told and be given structure. 
People with a legislative thinking style like to create, invent, design, do things his or her own way and have little 
assigned structure. 
People with a judicial thinking style like to judge and evaluate people and things. Judicial people like to evaluate 
roles and procedures, and prefer problems in which one analyzes and evaluates existing things and ideas. 
2.3.1.3. Forms 
Styles of government come in different forms , and so do the styles of people's mental self-government. Four of these 
forms are the monarchic, the hierarchic, the oligarchic and the anarchic. Each form results in a different way of 
approaching the world and its problems. 
People with a monarchic thinking style like to do one thing at a time, devoting to it almost all energy and resources. 
People with a hierarchic thinking style like to do many things at once, setting priorities for which to do when and 
how much time and energy to devote to each. 
People with an oligarchic thinking style like to many things at once, but have trouble setting priorities. 
People with an anarchic thinking style like to take a random approach to problems, and dislike systems, guidelines, 
and practically all constraints. 
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2.3.1.4. Levels 
Governments function on both local and national levels, so do we. We can have global or local thinking styles. 
People with a global thinking style like to deal with the big picture, generalities and abstractions. They prefer to 
deal with relatively large and abstract issues. They ignore or don't like details, and prefer to see the forest rather than 
the trees. Often they lose sight of the trees that constitute the forest. As a result, they have to be careful not to get 
lost on "Cloud Nine." 
People with a local thinking style like to deal with details, specifics and concrete examples. They like concrete 
problems requiring working with details . They tend to be oriented toward the pragmatics of a situation, and are 
down-to-earth. The danger is that they may lose the forest for the trees. They are, however, very important players 
in any team - some of the worst system failures as in aviation and rocketry have occurred when people have ignored 
what seemed at the time to be small details. 
2.3.1.5. Scope 
Governments need to deal both with internal, or domestic, affairs, and with external, or foreign ones. Similarly, 
mental self-governments need to deal with both internal and external issues, as people fmd out every day in their 
personal lives and at work. 
Internal individuals are concerned with internal affairs - they turn inward. They tend to be introverted, task-
oriented, aloof, and sometimes socially less aware. They like to work alone. Essentially their preference is to apply 
their intelligence to things or ideas in isolation from other people. 
External individuals tend to be extroverted, outgoing, and people-oriented. Often they are socially sensitive and 
aware of what is going on with others. They like working with other people whenever possible. 
2.3.1.6. Leanings 
Government and mental self-government can also differ in leaning - from being liberal to being conservative. 
The liberal individual likes to go beyond existing rules and procedures, to maximize change, and to seek situations 
that are somewhat ambiguous. The individual is not necessarily politically liberal. A political conservative could 
have a liberal style in trying to implement his party's agenda in a new and all-encompassing way. Thrill-seekers tend 
to have a liberal style, as do people who, in general quickly become bored. 
The conservative individual likes to adhere to existing rules and procedures, minimize change, avoid ambiguous 
situations where possible, and stick with familiar situations in work and professional life. This individual will be 
happiest in a structured and relatively predictable environment. When such structure does not exist, the individual 
may seek to create it. 
2.3.1.7. More Information on Sternberg's 13 Thinking Styles 
More complete descriptions of all thinking styles, the likes and dislikes of the executive, the legislative and the 
judicial, preferred activities and occupations of the executive, the legislative and the judicial, and the relation 
between thinking styles and the reward system in schools and certain types of presentations are listed in appendix 12. 
2.3.2. Gregorc's Energetic Theory of Mind Styles 
Anthony Gregorc (1979, 1984) suggested a theory of styles based on the notion that people differ in the ways they 
organize space and time. With regard to space, people are classified as either concrete or abstract. Concrete people 
prefer dealing with the physical expression of information and abstract people with more metaphorical expression. 
With regard to time, people are classified as either sequential or random. A sequential person likes things to be 
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presented in a step-by-step, orderly manner, whereas a random person likes things presented in a more haphazard 
way. 
Gregorc has characterized what people are like who have each of the four possible combinations of styles (Dryden & 
Vos, 1994): 
Concrete sequential thinkers (CS's) are based in reality. They process information in an ordered, sequential, linear 
way. To them, "reality" consists of what they can detect through their physical sense of sight, touch, sound, taste and 
smell. They notice and recall details easily and remember facts, specific information, formulas and rules with ease. 
"Hands on" is a good way for these people to learn. 
If you are a CS build on your organizational strengths. Provide yourself with details. Break your projects down into 
specific steps. Set up quiet work environments. 
Abstract sequential thinkers (AS's) love the world of theory and abstract thought. They like to think in concepts and 
analyze information. They make great philosophers and research scientists. It is easy for them to zoom in on what is 
important, such as key points and significant details. Their thinking processes are logical, rational and intellectual. 
A favorite activity for abstract sequentials is reading, and when a project needs to be researched they are very 
thorough at it. Generally they prefer to work alone rather than in groups. 
If you are an AS, give yourself exercises in logic. Feed your intellect. Steer yourself toward highly structured 
situations. 
Abstract random thinkers (AR's) organize information through reflection, and thrive in unstructured, people-oriented 
environments. The "real" world for abstract random learners is the world of feelings and emotions. 
The AR's mind absorbs ideas, information and impressions and organizes them through reflection. They remember 
best if information is personalized. They feel constricted when they are subjected to a very structured environment. 
If you are an AR, use your natural ability to work with others. Recognize how strongly emotions influence your 
concentration. Build on your strength of learning by association. Look at the big picture first. Be careful to allow 
enough time to finish the job. Remind yourself to do things through plenty of visual clues, such as colored stickers 
pasted up where you will see them. 
Concrete random thinkers (CR's) are experimenters. Like concrete sequentials, they are based in reality, but are 
willing to take more of a trial-and-error approach. Because of this, they often make the intuitive leaps necessary for 
true creative thought. 
They have a strong need to fmd alternatives and do things in their own way. 
If you are a CR, use your divergent thinking ability. Believe that it is good to see things from more than one view 
point. Put yourself in a position to solve problems. But give yourself deadlines. Accept your need for change. Try 
and work with people who value divergent thinking. 
15 key characteristics of CS's, AS's, AR's and CR's are summarized in appendix 12. 
Gregorc's energetic theory of thinking styles is a simpler approach to thinking styles than Sternberg's theory of 
mental self-government. It has a much shorter inventory (see appendix 12), but is not as comprehensive as 
Sternberg's. 
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2.4. Sternberg's 15 Principles of Thinking Styles 
Sternberg identified the following 15 key principles of thinking styles: 
1. Styles are preferences in the use of abilities, not abilities themselves. 
2. A match between styles and abilities creates a synergy that is more than the sum of its parts. 
3. Life choices need to fit styles as well as abilities. 
4. People have profiles (or patterns) of styles, not just a single style. 
5. Styles are variable across tasks and situations. 
6. People differ in the strengths of their preferences. 
7. People differ in their stylistic flexibility. 
8. Styles are socialized. 
9. Styles can vary across the life span. 
10. Styles are measurable. 
11. Styles are teachable. 
12. Styles valued at one time may not be valued at another. 
13. Styles valued in one place may not be valued in another. 
14. Styles are not, on average, good or bad, - it's a question of fit. 
15. We confuse stylistic fit with levels of abilities. 
He claims that his theory of mental self-government satisfies most of these criteria. It is therefore worthwhile to 
investigate it further and to see how it could be used within my conceptual framework to individualize instruction. 
The principles that styles are measurable, that people have profiles of styles and that styles are variable across tasks 
and situations imply that they could be tailored to fit an individual's needs and preferences. This also implies, if we 
assume that specific instructional methods are more suited to one style than the other, that they could be 
individualized within my conceptual framework. Before going into details about how this could be achieved, it is 
necessary to study how styles are developed and to fmd out which instructional methods are typically associated with 
which styles. These two important aspect are covered in sections 2.5 and 2.6. A · style based approach to 
individualized instruction are thereafter introduced in section 3. 
The principles that styles are teachable and socialized and that people differ in their stylistic flexibility open up doors 
for further applications of thinking styles: They could be used to develop people's stylistic flexibility, to strengthen 
people's strong thinking styles, and to develop their less favorite ones. The principles that styles are measurable and 
that people have profiles of styles, and the assumption that different aspects of thinking are associated with the 
various thinking styles further implies that they could also possibly be used to individualize the teaching of thinking. 
Activities that involve De Bono's thinking skills exercises and the principles of teaching thinking will be used in the 
process. Before going into details about how this could be achieved, it is also necessary to study how styles are 
developed (section 2.5), to study important research results of studies on styles (section 2.6) and to learn about the 
teaching of thinking (section 4). Thinking style based approaches to the development of thinking style flexibility, the 
teaching of thinking and individualized tkinking games and -skills within my tutoring environment are therefore not 
described and illustrated before section 5. 
2.5. The Development of Thinking Styles 
2.5.1. Variables in Stylistic Development 
Culture, gender, age, parenting skills, schooling and occupation all play a role in a person's stylistic development. 
Each are consequently discussed. Sternberg's theory of mental self-government is used as a point of reference. 
Culture 
Some cultures are likely to be more rewarding of certain styles than of others: 
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The North American emphasis on innovation and making the "better mousetrap" may lead to relatively greater 
reward for the legislative and liberal styles. 
Other societies, like Japan, that traditionally more highly emphasize conformity and the following of tradition, may 
be more likely to lead to executive and conservative styles. 
In North Korea or China questioning the government can result in imprisonment or worse, so parents have a strong 
incentive to reward a conservative style and to punish a liberal one. 
Sternberg observed that some groups encourage the kind of legislative, liberal thinking that is likely to produce 
creative work and to eventuate in prizes for creative achievement (e.g. the Nobel Prize). Other groups discourage 
such thinking, and ultimately are less likely to see their members winning these prizes. 
Individualism-collectivism deals with the extent to which a given culture encourages and supports the needs and 
desires of the individual for his or her own sake over the needs and desires of collectivity. Members of 
individualistic cultures (found in countries like the United States, Australia, Great Britain, Canada, the Netherlands 
and New Zealand) tend to view themselves fundamentally as separate and autonomous entities. Members of 
collectivistic cultures (found in countries like Venezuela, Columbia, Pakistan, Peru, Taiwan and Thailand) tend to 
view themselves as fundamentally interconnected with others. Although internals and externals will be found in both 
kinds of cultures, the respective natures of the cultures suggest that internalism will be more highly valued by the 
individualistic culture and externalism by the collectivistic culture. 
Gender 
Males are typically perceived as adventurous, enterprising, individualistic, inventive and progressive, and females as 
cautious, dependent, fault-finding, shy and submissive. When we socialize youngsters and bring them up to conform 
to our image of who they should become, we socialize them in terms of the above-mentioned perceptions. If we 
belief that a (fe)male's social role is such-and-such, it is this belief that affects us. These perceptions show 
differences in styles that are likely to rewarded for males versus females: Males are more likely to be rewarded for a 
legislative, internal, liberal style and females for an executive or judicial, external, conservative style. 
Style differences between men and women can be socialized in ways that are so much part of a culture that people 
are hardly aware thereof, like the differential treatment of boy and girl babies from the time they are born. 
Sternberg's research shows that men characterizes themselves as · somewhat more legislative, less judicial, more 
global and more internal. 
Traditionally, a legislative, liberal pattern of styles has been more acceptable in males than in females. Men were 
supposed to set the rules, and women to follow them. This tradition is already changing in many cultures - it is a way 
things have been done, not a way they must be done. 
Age 
Legislativeness is generally encouraged in the preschool young. They are encouraged to develop their creative 
powers in the relatively unstructured and open environment of the preschool and some homes. 
Once the children start school, however, the period of legislative encouragement rapidly draws to a close. Now 
children are expected to be socialized into the largely conforming values of the school. The teacher now decides 
what the student should do, and the student does it, for the most part. The choice situation of the preschool (the child 
chooses what to do and how to do it) is over. Students who don't follow directions and the regimentation of the 
school are viewed as undersocialized and even as misfits! Children loose their thinking style that generates creative 
performance in the process. 
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In adulthood, some jobs encourage legislativeness, even though training for such jobs may not. For example, high 
school physics or history are usually largely executive, with students answering questions or solving problems that 
the teacher poses. But the physicist or historian are expected to be more legislative. 
We change our reward systems without mentioning it to anyone or even being explicitly aware of the changes 
ourselves. The brilliantly legislative idea about how to run the company might, for example, result in a bonus for a 
high-level executive, but cost a low-level executive his or her job! 





Executive, local, conservative style 
Judicial style more, executive less 
Legislative style 
More liberal 
The styles that are rewarded at different times are different, resulting in different people appearing to be more or less 
competent. The differences are not really in the person's competence, per se, but rather in what is rewarded at 
different points in career. 
Parenting Styles 
What the parent encourages and rewards is likely to be reflected in the style of the child. The parent exhibits a 
certain style which the child is likely to emulate. The following are examples. 
A monarchic parent is likely to reward a child who shows the same single-mindedness, whereas an anarchic parent 
would likely abhor a child beginning to show a monarchic style and try to suppress it as unacceptable. 
Over the course of their childhoods children may ask thousands of questions. Parents react to these questions in a 
variety of ways, and the ways they react can influence the style of thinking that their children develop. Children are 
more likely to develop legislative styles if their parents encourage the children to ask questions, and where possible, 
to seek answers for themselves. Children are more likely to develop a judicial style if their parents encourage the 
children to be evaluative, to compare and contrast, to analyze, to judge things, both with respect to the questions the 
children ask and with respect to the answers that are given. 
A child is more likely to be globally inclined if the child has seen the parent (or teacher) dealing with bigger issues, 
or to be locally inclined if he or she has seen the parent (or teacher) dealing with smaller ones. 
Encouraging children to work in groups is more likely to foster an external style, whereas encouraging solitary work 
is more likely to foster an internal style. 
Remember that other factors will also influence children's styles, like their personalities (some children may, for 
example, take more readily to working with others, others may not) and their religious upbringing (some religions do 
not encourage questioning and confrontation, for example). 
Schooling and Occupation 
Sternberg claims that schools in most parts of the world are, on the average, probably most rewarding of the 
executive, local, conservative style. Children are viewed as "bright" when they do what they are told and do it well. 
It is very rare that a great deal of intellectual independence is encouraged, at least until the very highest levels of 
schooling, such as advanced graduate or postdoctoral work. 
Various aspects of styles are more likely to be either encouraged or suppressed by the reward systems of different 
occupations. An entrepreneur, for example, is likely to be rewarded for different styles than is an assembly-line 
worker. 
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Examples occupations typically associated with the legislative thinking style are: Novelists, playwriters, poets, 
mathematicians, scientists, architects, inventors, fashion Designers, policy makers, entrepreneurs, composers, 
choreographers, and advertising creative copywriters. 
Examples of occupations typically associated with the executive thinking style are: Police officers, soldiers, teachers, 
administrators, applied researchers who are given problems to work on, drivers, fire fighters, and certain types of 
medical doctor. 
Examples of occupations typically associated with the judicial thinking style are: Judges, critics, program evaluators, 
admissions officers, grant or contract monitors, system analysts, and consultants. 
2.5.2. What We Can Do About It 
For the most part people acquire their thinking styles through socialization (compare the variables listed above). 
But it is also possible to teach styles. The following are three ways how it can be done. Directions on how 
computerized tools in my conceptual framework can assist in the process, are also given. These tools are described 
later in this chapter 
One way to teach styles is by giving children or students tasks that require them to utilize the styles you want to 
develop. Sternberg achieves this by giving his own students a wide variety of instructional activities - lectures, in-
class discussions, small-group exercises, exams, papers, homework assignments and the like. The more that people 
use a particular style, the more comfortable they become with its use. 
A computerized tool within my conceptual framework also encourages this practice and provides teachers with 
guidelines on which activities are most suited to which styles. They are consequently encouraged to utilize these 
activities to support a stylistic flexible approach in the classroom. This tool also provides the teacher with a way to 
tailor its instruction to the individual needs of specific students by providing guidelines how the instruction could be 
individualized according to preferred thinking styles. 
Another way in which this tool develops thinking styles is to provide students with thinking skills exercises that 
address specific aspects of thinking. These aspects of thinking are typically associated with specific thinking styles. 
The tool determines its user's thinking style and then proceeds to provide thinking skills exercises that develop both 
its user's favorite and less favorite thinking styles. The tool also encourages stylistic flexibility. 
Another way to teach styles is by teaching the theory of thinking styles. When students learn directly about styles, 
they come to realize that they have more options than they may have thought, and moreover, that because someone 
thinks in a way that is different from the way they think, it does not mean that the person thinks more poorly (or 
better). Many students gain a sense of self-efficacy when they learn about styles, because they realize that there is 
nothing wrong with the way they think. What is important is to make the most of it. 
The computerized tool within my framework also attempts to do just that - in short, it enables the user to determine 
his own thinking style and to explore the theory and applications of the theory of thinking styles (by means of an 
"info-kiosk" on thinking styles). 
2.6. Thinking Styles in the Classroom: Research Results and Implications 
Sternberg and Grigorenko (1993, 1995a,b, 1997) have undertaken several studies to investigate thinking styles in 
the classroom. They studied the thinking styles of teachers, the thinking styles of students, the relation between the 
two and the relation of thinking styles to abilities in predicting achievement. Their fmdings provide support for the 
15 principles of styles listed in section 2.4., and together with these principles, form the basis for my thinking style 
based approach towards tutoring 
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The schools included in their study were of varying types and from socio-economically diverse backgrounds. It 
included a large urban public school, a prestigious secular private school, a Catholic parochial school and an avant-
garde private school with an emphasis on "emotional education". 
Their results are summarized below. 
2.6.1. Thinking Styles of Teachers 
Interesting effects are reported with respect to the relation between the thinking styles of teachers and grade taught, 
age of teachers, subject area taught, type of school and ideology 
The Relation between Thinking Styles of Teachers and Grade Taught 
Research has shown that teachers are more legislative but less executive at the lower grades than at the upper grades. 
This emphasis on the executive thinking style at the upper grades is undesirable, because it ill prepares students for 
college and for the world of work where workers are increasingly being challenged to think for themselves and 
function in the legislative style. Another interesting fmding coupled to this is that as children progress through 
school, they show less and less spontaneous creativity in their thinking. This is as a direct result of the kind of 
thinking they are exposed to (see Thinking Styles of Students). 
The Relation between Thinking Styles of Teachers and Age of Teachers 
Research indicates that older teachers are more executive, local and conservative than young teachers. This fmding 
suggest that teachers tend to narrow their focus with age, and given the pattern of styles, possibly become more rigid 
and authoritarian - an undesirable outcome. 
The Relation between Thinking Styles of Teachers and Subject Area Taught 
Sternberg and Grigorenko also found that the science teachers in their study tended to be more local than were 
teachers from the humanities, and that the latter tended to be more liberal than the former. Science teachers tend to 
concentrate substantially more on the local details of science than on the "big picture" of scientific research. Again 
this is an undesirable outcome, because it may ill prepare science students for their career where dealing with large, 
important issues will be a feature that distinguishes more from less successful scientists. 
The Relation between Thinking Styles of Teachers and Type of School 
Schools in the study differed in terms of profiles of styles of teachers (determined by inter alia the Sternberg-Wagner 
Self-Assessment Inventories). These differences are reported below. 
With regard to the legislative style, the highest mean was shown by teachers in the private school emphasizing 
emotional education. The lowest mean was in the public high school in the community. 
With regard to the executive style, the highest mean was in the elementary-secondary Catholic school. The lowest 
mean was in the private school emphasizing emotional education. 
With regard to the judicial style, the highest mean was in the academically oriented, prestigious private schooL The 
lowest mean was in the private school emphasizing emotional education, a school that prides itself on being 
non judgmental. 
With regard to the local style, the highest means were among the teachers in the public high school and the Catholic 
school. The lowest mean was in the private school emphasizing emotional education. 
With regard to the global style, the highest mean was also in the Catholic school. The lowest mean was in the 
academically oriented private school. 
Stellenbosch University  https://scholar.sun.ac.za
247 
With regard to the liberal style, the highest mean was in the Catholic school. The lowest mean was in the public high 
school. 
With regard to the conservative style, the highest mean was again in the Catholic school. The lowest mean was in 
the private school emphasizing emotional education. These last two findings suggest that there may have been 
distinct groups of teachers within the Catholic school. 
The Relation between Thinking Styles of Teachers and Ideology 
A thorough analysis of the relation of school ideology to teachers' styles was undertaken. According to Sternberg 
( 1997), it indicates that teachers tend to match the stylistic ideology of their schools. This may be because teachers 
tend to gravitate toward schools that fit them ideologically or else they tend to become like the place they are in. This 
again suggests the importance of socialization in the formation of styles (even for adults). 
2.6.2. Thinking Styles of Students 
Sternberg ( 1997) reports the following very insightful fmdings regarding the thinking styles of students: 
There are a significant degree of match between students' and teachers' styles. This result suggest socialization of 
styles. Students rarely get to choose their school, so this result cannot not be explained as students attending schools 
that match their preferred styles. 
Socioeconomic level related negatively to the judicial, local, conservative and oligarchic styles. This fmding is in 
line with a notion of greater authoritarianism in the styles of lower socioeconomic class. 
Another interesting result states that later-born siblings tend to be more legislative than earlier-born siblings. This is 
consistent with a past finding that first-borns tend to be more accepting of social dictates than are later-horns. 
2.6.3. The Relation of Thinking Styles of Teachers and Students 
Research was also done to fmd an answer to the question: Do students do better in classrooms where heir styles 
match rather than mismatch the styles of their teachers? The answer to this question has important implications for 
the design of computer-based tutoring environments. If there is a relationship it makes sense to individualize 
instruction within such a tutoring environment by matching the tutoring strategy to the preferred styles of the student. 
It may lead to a better performance by the student. If there is no relationship, the motivation for a style-based 
approach is dealt a serious blow. 
The researchers found that there indeed is such a relationship. They found that students performed better and were 
more positively evaluated by teachers when the students' styles matched rather than mismatched the styles of their 
teachers . The students therefore performed better when they were more like their teachers stylistically, independent 
of actual level of achievement. 
It is reasonable to conclude that if a teaching strategy is followed that matches a students style, he will perform 
better. This finding supports a style-based approach within computer-based tutoring environments. 
Research also showed that different schools rewarded different styles, and that what they rewarded seemed to fit the 
stylistic character of the schools. This result suggest that different children will be evaluated differently, depending 
on the school in which they enroll. Study the following fmdings, observe the major differences among schools, and 
compare it with the findings of the previous section where the thinking styles of teachers were related to the type of 
school they were in. 
The legislative and the executive styles both significantly predicted academic achievement in the public school. This 
suggests the existence of different subgroups of teachers rewarding different things. The hierarchic style also 
significantly predicted achievement. 
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The judicial, the liberal and the oligarchic styles were the significant contributors to academic achievement in the 
academically oriented private school. 
In the private school emphasizing emotional education, significant predictors were the legislative style, the global 
style, the liberal style, the conservative style in the negative direction and the hierarchic style. 
Lastly, in the private Catholic school, significant predictors of achievement were the executive style, the local style, 
the liberal style in the negative direction, the conservative style and the hierarchic style. 
2.6.4. The Relation of Thinking Styles to Abilities in Predicting Achievement 
Sternberg and Grigorenko (1997) also undertook a study to answer the question: When abilities are taken into 
account, do styles still predict academic achievement? In other words they were addressing the question whether 
styles account for significant variation in student performance over and beyond what is accounted for by abilities. 
They found that styles do indeed contribute significantly to prediction of course performance, after allowing for 
abilities. Students in their study were assessed for achievement in terms of memory, as well as analytical, creative 
and practical thinking. They found that: 
• The legislative style and the judicial style both contributed significantly to the prediction of achievement on 
analytically oriented tasks. The executive style also contributed significantly, but negatively. 
• The judicial and executive styles both predicted performance on creatively oriented measures, the judicial style 
positively and the executive style negatively. 
• On practical tasks the judicial style contributed significantly. 
They conclude their fmdings by saying that thinking styles add significantly to abilities in predicting school 
achievement, and that teachers would do better it they took into account not just students' ability levels and patterns, 
but also their profiles of styles as well. 
A flexible style of teaching and the development of both students' preferred and less preferred thinking styles are 
therefore appropriate and recommendable. Within a computer-based tutoring environment the tutoring strategy 
could be matched to the student's preferred style and a facility could be created for the student to develop both his 
preferred and less preferred thinking styles. 
2.6.5. Thinking Styles and Methods of Instruction 
Sternberg ( 1994 & 1997) reports that different methods of instruction work best for different styles of thought: 
The executive and hierarchical thinking styles are most compatible with the lecture method of instruction; the 
judicial and legislative styles with thought-based questioning; the external style with cooperative or group learning; 
the executive style with problem-solving of given problems; the legislative style with projects; the external and 
executive styles with small group activities where students answer factual questions; the external and judicial styles 
with small group activities where students discuss ideas; and the internal and hierarchical styles are most compatible 
with reading as a method of instruction. 
A teacher in a traditional classroom setting will be teaching to students with thinking styles that represent the whole 
spectrum. He or she should therefore vary his teaching style to suit different styles of thought. He or she can 
manage this by including a wide variety of methods of instruction in his or her teaching. A learning style- and 
computer based tutor that individualizes instruction according to the student's learning style, on the other hand, 
should select as methods of instruction those elements that is most compatible with its student's profile of styles. The 
same is true for a teacher involved in a one-on-one remediative session with a student. 
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2.6.6. Thinking Styles and Method of Assessment 
Sternberg (1994, 1997) is also of the opinion that different methods of assessments tend to benefit different thinking 
styles. The following examples illustrate this point: 
Short answer and multiple choice tests that tests for analytical skills are most suited for people having a judicial and 
local thinking style; creative essay tests tend to benefit the legislative style; projects that require teamwork are most 
compatible with the external thinking style, and projects and portfolios that require high commitment from the 
student tend to be most suited to monarchic learners. 
A complete list of 19 assessment methods and their most compatible thinking styles can be found in appendix 12, 
section 3. 
The same comment as above is applicable: Teachers should use a variety of assessment methods in their teaching in 
order to accommodate as many styles as possible, and tutors (computer- and human based) that try to individualize 
instruction according to a student's preferred teaching or learning style, should use assessment methods that is most 
compatible with the student's profile of styles. 
2.6.7. Thinking Styles and Methods of Assignment 
Different prompts in instructional and evaluational assignments can lead to varying levels of compatibility for 
different styles. Prompts like "Who said ... ?" and "Who did ... ?" benefit executive students; prompts like "Compare 
and contrast.. ." and "Analyze ... " benefit judicial students; and prompts like "Create .. . " and "Invent..." benefit 
legislative students (Sternberg, 1994, 1997). More of these kinds of prompts are listed in appendix 12, section 4. 
In the traditional teaching situation it is advisable to include a variety of prompts so as to accommodate .all styles. 
By varying the kinds of prompts they use, teachers and parents can equalize the benefits to all students they teach. In 
a one-on-one tutoring situation or within a computer-based tutoring environment that aims to individualize 
instruction according to the needs and preferences of its student, prompts from the student's favorite style should be 
used. 
2.6.8. Implications for Individualized Tutoring 
The principles that styles are measurable, that people have profiles of styles and that styles are variable across tasks 
and situations, imply that tasks could be tailored to fit an individual's needs and preferences. It also implies, if we 
combine this finding with the research results that state that specific instructional, assessment and assignment 
methods are more suited to one style than the other, that a thinking style based approach could be followed to 
individualize instruction within a human- or computer-based tutoring environment. 
The result that indicates that students do in fact do better in classrooms where their styles match rather than 
mismatch the styles of their teachers, has an important implication for the design of computer-based tutoring 
environments. It provides support for the case of a style based approach I tutor that individualizes instruction by 
matching its tutoring strategy to the preferred styles of the student. Such a match may indeed lead to a better 
performance by the student. 
The principle that styles are socialized, supported and illustrated by the above provided research results, identifies 
another important application for such a learning style based tutor - it can be used to socialize the individual student's 
less favorite styles by presenting the material with instructional methods most suited to some of his or her less 
favorite styles. Of course it can also be used to further develop his or her most favorite styles. 
Exactly how these fmdings are incorporated in a thinking style- and computer-based tutor that individualizes 
instruction, will be explained and illustrated in the next section. 
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3. A Thinking Style- and Computer Based Teaching and Tutoring Assistant 
to Individualize Instruction 
3.1. A Procedure for a Thinking Style Based Approach 
In order to develop a procedure for a thinking style based approach towards individualized tutoring, it is necessary to 
have ways to measure a student's thinking style preferences, to match presentation elements with thinking styles and 
to decide which presentation elements to include in such a tutoring strategy. 
3.1.1. Determine a Student's Profile of Thinking Styles 
A student's thinking style preferences can be determined by the Sternberg-Wagner self-assessment inventories. 
There are 13 inventories, one for each of the 13 thinking styles within Sternberg's theory of mental self-government. 
Within these inventories people are given statements like "Ifl work on a project, I plan what to do and how to do it", 
and are asked to rate how well the statement describes them on a 1-7 scale. The items within each of these 
inventories are listed in section I of appendix 12. Instructions on how to interpret one's scores are also included. 
According to these inventories, the student's preferences, for each thinking style, fall within anyone of six categories, 
namely "very high", "high", "high middle", "low middle", "low" or "very low". A hypothetical student may, for 
example, have the following profile of styles: 
Legislative Very High 
Executive Low Middle 
Judicial Very Low 
Monarchic Low Middle 
Hierarchic Very Low 
Oligarchic High Middle 
Anarchic Low 
Global Very High 
Local High Middle 
Internal Very Low 
External High Middle 
Liberal Very High 
Conservative Low 
3.1.2. Matching Presentation Elements with Thinking Styles 
The same 35 presentation elements that were used in the seven teaching and learning assistants that were described in 
the previous two chapters, are used here within a thinking style based approach towards teaching and individualized 
tutoring. The list of presentation elements are (repeated here for completeness sake): 
A point-and-query interface based on QUEST model; computerized adaptive testing; computerized problem solver I 
spreadsheets I environment for calculations; generic questioning; mind map presentation; facility to build mind maps; 
explanations; flowcharts; step charts; monitoring systems; interactive advisors; step-by-step tutorials; examples; 
demonstrations; diagrams; theoretical readings; drill-and-practice exercises; ask stimulating questions; descriptions; 
pseudo-code for procedure to follow to accomplish task; navigation facility; practical readings; cooperative learning 
activities; teaching games; case studies; opportunity to reflect/think; artificial psychologist: motivation; artificial 
psychologist: study Habits; artificial psychologist: goal setting; artificial psychologist: emotions; artificial 
psychologist: procrastination; word processor I journalizing; animation I graphics; software supporting role playing I 
also music; and WWW exploration ofLP. 
A carefully study of the descriptions of Sternberg's 13 thinking styles (section 2.3 and appendix 12), the principles of 
thinking styles (section 2.4), the development of thinking styles (section 2.5), the research results about thinking 
styles in the classroom(section 2.5) and specifically the relationship between thinking styles and methods of 
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instruction, assessment, and assignment (section 2.6), revealed that these presentation elements vary in the degree to 
which they are compatible to or suitable for use within the various thinking styles. Each presentation element was 
consequently studied and rated on a scale from 1 to 9, 1 = least, and 9 = most, to describe the degree to which it is 
compatible with the characteristics of each of the thinking styles. Each element was therefore assigned 13 ratings, 
each describing to which degree it is compatible for usage with a specific thinking style. 
The following presentation elements can, for example, be strongly associated with the corresponding thinking styles 















Opportunity to reflect I think; ask stimulating questions; facility to build mind maps; 
case studies; WWW exploration of LP; animation I graphics. 
Step-by-step tutorials, drill-and-practice exercises; ; computerized problem solver I 
spreadsheets I environment for calculations; point-and-query interface; explanations; 
descriptions. 
Opportunity to reflect I think; ask stimulating questions; interactive advisors; facility to 
mind maps; word processor; mind map presentations; WWW exploration ofLP. 
Artificial psychologist: goal setting. 
Step-by-step tutorials; practical readings, theoretical readings; flowcharts, step charts; 
diagrams, pseudo-code. 
Artificial psychologist: goal setting. Procrastination and motivation. 
Artificial psychologist: emotions, study habits and procrastination. 
Mind map presentation; WWW exploration ofLP. 
Monitoring systems; navigation facility. 
Opportunity to reflect I think; practical readings; theoretical readings; journalizing. 
Cooperative learning activities; software supporting role play; interactive advisors. 
Mind map presentation, WWW exploration ofLP; teaching games. 
Step-by-step tutorials; demonstrations. 
Other interpretations and ratings are also possible, and certainly valid. Provision was therefore made in the 
computerized tool (see section 3.2) for the teacher I facilitator to defme his or her own ratings for how well each 
presentation element and thinking style are compatible with each other I can be associated with each other. The 
teacher I facilitator may also defme his own presentation elements if he chooses not to use the default 35 elements 
listed above (again see section 3.2). 
3.1.3. Fuzzy Decisions in Determining a Tutoring Strategy 
A teacher in a traditional classroom setting will be teaching to students with thinking styles that represent the whole 
spectrum. He or she should therefore vary his teaching style to suit different styles of thought. He or she can 
manage this by including a wide variety of methods of instruction in his or her teaching. A thinking style- and 
computer based tutor that individualizes instruction according to the student's thinking style, on the other hand, 
should select as methods of instruction those elements that is most compatible with its student's profile of styles. The 
same is true for a teacher involved in a one-on-one remediative session with a student. 
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In deciding which presentation elements to include in such an individualized tutoring I teaching strategy of a specific 
student, the decision maker should take both the student's profile of styles and the above described fit of presentation 
elements to thinking styles in consideration. The fuzzy decision making system that was introduced in the previous 
chapter and used in similar decisions as this, in a number of teaching and learning assistants, provides the vehicle for 
computerizing this process. 
The fuzzy decision making algorithm is used to prioritize the 35 presentation elements according to their suitability 
to accommodate the student's profile of thinking styles. These 35 presentation elements are used as the alternatives 
of the decision-making process. The presentation elements must be prioritized according to the degree to which they 
accommodate the student's preferences for learning elements characteristics of each of the 13 thinking styles. The 
goals of the fuzzy decision making process are therefore these 13 requirements - the presentation elements included 
in the tutoring strategy should accommodate the student's preferences for learning elements characteristic of each of 
the 13 thinking styles. The only two constraints of the process are that the presentation elements must be available 
and implemented and that they, or at least some of them, must be able to present all of the curriculum I cover most 
of the topics in a lesson. These 13 goals, 2 constraints and 35 alternatives are applicable to all students. So are the 
satisfaction levels of the alternatives for each of these goals and constraints. These satisfaction levels for the goals 
were defmed when we decided how well a specific presentation element is suitable for presenting learning material 
according to the style of each of the 13 thinking styles. The satisfaction levels of the alternatives for the two 
constraints are fixed - it is assumed that all presentation elements are available and that the capability of the various 
alternatives I presentation elements vary from 1 to 9, depending on how well it is able to present an entire lesson on 
its own: Step-by-step tutorials are fully capable and receive a 9, while step charts are only mildly capable and 
therefore receives a 4. 
The importance levels of the goals and constraints describe the importance of satisfying a specific goal I constraint 
relative to satisfying the other. The two constraints are not really considered to be extremely important - the 
availability constraint gets a 6 and the capability constraints a 4 (there are enough capable and available presentation 
elements among the 35 and it will be easy to include them in the tutoring strategy). These values are also fixed. 
The only variables in the fuzzy model are therefore the importance levels of the 13 goals. They are determined by 
the student's profile of thinking styles and his preference for each of the thinking styles: If his score for a specific 
thinking style falls into the "Very High" category, assign an importance level of 9 to the corresponding goal; if his 
score falls within the "High" category, assign a score of 7 to the corresponding goal; if his score falls within the 
"High Middle" category, assign a score of 6 to the corresponding goal; if his score falls within the "Low Middle" 
category, assign a score of 4 to the corresponding goal; if his score falls within the "Low" category, assign a score of 
3 to the corresponding goal; and if his score falls within the "Very Low" category, assign a score of 1 to the 
corresponding goal. These scores will ensure that the presentation elements associated with a preferred thinking 
style will receive more attention that these associated with a not so well preferred style. It is therefore these 
importance levels and the corresponding profile of thinking styles of the student that determine which presentation 
elements will get the highest ratings and which will therefore be included in the individualized tutoring strategy of 
the student. 
The goal of the decision making process is to decide which combination of presentation elements to include in a 
tutoring strategy. The resulting tool therefore rates the presentation elements according to their suitability for 
inclusion in such a strategy. The elements with the highest ratings stand the best chance to be included in an 
individualized tutoring strategy. 
3.1.4. A Procedure to Determine an Individualized Teaching I Tutoring Strategy 
The following procedure was consequently formulated to formalize this procedure: 
a) Obtain a description of a hypothetical student's profile of thinking styles by administering the 13 Sternberg-
Wagner Self-assessment Inventories which are listed in appendix 12. 
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b) Set up the fuzzy model that was described in section 3 .1.3. Use the numerical ratings that describe the student's 
preferences for the various thinking styles as the importance levels of the fuzzy model , as was explained above. 
c) Use the fuzzy decision making algorithm to obtain a rating for each presentation element according to its 
suitability to be included in the tutoring strategy of the hypothetical student. 
d) Identify the capable presentation element with the highest rating, and include it in the student's tutoring strategy. 
e) Include the "generic questioning" and the "computerized adaptive testing" presentation elements as essential 
elements within the proposed tutoring strategy. 
f) Identify the five presentation elements that have the highest ratings and that have capability ratings lower than 7 
(on a 1-9 scale), and include them in the tutoring strategy under the heading "Other Presentation Elements". 
g) Identify the two presentation elements from the artificial psychologist with the highest ratings, and recommend 
that they be included in the tutoring strategy. 
h) List the remaining presentation elements among the top ten that have not been used thus far, and include them 
under the heading "More Highly Rated Presentation Elements". 
The next section is used to illustrate this procedure. 
3.1.5. Illustrating the Procedure that Determines an Individualized Tutoring Strategy 
a. Description of the Student 
A hypothetical student who took the 13 thinking style inventories could be described as having the following 
preferences for each of the 13 thinking styles: 
Legislative Very High 
Executive Low Middle 
Judicial Very Low 
Monarchic Low Middle 
Hierarchic Very Low 
Oligarchic High Middle 
Anarchic Low 
Global Very High 
Local High Middle 
Internal Very Low 
External High Middle 
Liberal Very High 
Conservative Low 
b. Set up the Fuzzy Model 
Use the goals, constraints, alternatives, importance- and satisfaction levels as explained in section 3.1.3 above. 
Assign an importance level of 9 to the "legislative" goal (because of the student's preference of "Very high') ; an 
importance level of 4 to the "executive" goal; of 1 to the "judicial" goal; of 4 to the "monarchic" goal; of 1 to the 
"hierarchic" goal, of 6 to the "oligarchic" goal; of 3 to the "anarchic" goal; of 9 to the "global" goal; of 6 to the 
"local" goal; of 1 to the "internal" goal; of 6 to the "external" goal; of 9 to the "liberal" goal and of 3 to the 
"conservative" goal. 
c. Run the Fuzzy Decision Making Algorithm 
Obtain an ordered list of presentation elements according to their suitability to be included in the tutoring strategy. 
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d. Determine an Individualized Tutoring Strategy 
Execute steps d, e, f, g, and h to obtain the following tutoring strategy: 
Recommended Tutoring Strategy 
Capable Presentation Element 
WWW exploration of LP 
Essential Presentation Elements 
Computerized adaptive testing 
Generic questioning 
Other Presentation Elements 
Word processor I journalizing 
Animation I graphics 
Software supporting role play I also music 
Interactive advisors 
Computerized problem solver I spreadsheets I environment for calculations 
Elements from the Artificial Psychologist 
Artificial Psychologist: Procrastination 
Artificial Psychologist: Study Habits 
More Highly Rated Presentation Elements 
Demonstrations 
Cooperative learning activities 
Pseudo-code for procedure to follow to accomplish task 
3.1.6. An Alternative and Simpler Approach 
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Instead of utilizing the fuzzy decision making algorithm to decide which presentation elements to include in an 
individualized tutoring strategy, a much simpler and less complicated procedure could be used. Simply identify the 
presentation elements that are most suitable for the various thinking styles (as was done in section 3 .1.2), determine 
the student's profile of thinking styles and compile a tutoring strategy, similar in format to the one above, that only 
includes presentation elements that are strongly associated with thinking styles for which the student has at least a 
"High Middle" preference. It is therefore not necessary to defme the degree to which each presentation element is 
suited I compatible with each thinking style. It is also not necessary to setup the fuzzy model. The resulting tutoring 
strategy may not be as scientifically correct than the one within which the fuzzy decision making algorithm was used, 
but it still produces satisfactory results and is much easier to implement. Although it does not take all possible 
degrees of compatibility of the presentation elements for the 13 thinking styles into consideration, it does determine a 
tutoring strategy in a way that intuitively agrees with the way a human teacher would have used. The fuzzy 
approach, however, in the author's opinion, remains the best because it makes a well-balanced decision, taking all 
possible preferences into account. The reader will notice, when he runs the computerized tool that will be described 
in the next section, that the two approaches may produce tutoring strategies that contain different presentation 
elements. This is due to the way within which the strategies were compiled. Both strategies, however, should 
contain elements from the student's "strongest" thinking styles and should contain elements with basically the same 
function I approach. 
3.2. A Computerized Tool to Individualize Teaching I Tutoring 
A computerized tool was developed to facilitate the individualization of teaching tutoring within the LP 
curriculum, both within the traditional classroom and within my tutoring environment. Consult appendix 15 to see 
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where to get a copy of this tool and to read instructions on how to run it. The following step-by-step description and 
menu screen shots will give the reader a good overview of how it actually works. 
1. The following menu controls the whole process (call it the main menu): 
Thinking Styles(TS), Teaching & Learning 
Explore, Individualize & ~Flexisize~ 
P. TS & Hethods of Instruct ion 
C TS & Instr & Eva! Assigrunents 
E Preferences I Thinking Style 
G Preferences I Meth of Assess 
I Individualized Strategy 
K TS Based Tutoring Strategy 
B TS & Methods of Assessment 
D Determine Thinking Styles 
F Preferences I Meth of Instr 
H Preferences I P.ssigrunents 
J Flexible Teaching Strategy 
L Back to Previous Level 
Options A to J are aimed at traditional teaching and individualized one-on-one tutoring, and option K on a thinking 
style based approach towards individualized tutoring within an intelligent tutoring environment. Options A to J may 
also form the basis of a program to promote flexible teaching and the development of thinking styles in the 
classroom. 
2. Option A on the main menu allows the teacher I tutor I student to view typical methods of instruction and to 
investigate which thinking style(s) are most compatible with it. 
3. Option B on the main menu allows the teacher I tutor I student to view typical methods of assessment and to 
investigate which thinking style(s) are most compatible with it. 
4 . Option C on the main menu allows the teacher I tutor I student to view typical methods of assignment and to 
investigate which thinking style(s) are most compatible with it. 
5. The student can determine his thinking style preferences by taking the Sternberg-Wagner Self-Assessment 
Inventories which are activated by selecting option D on the main menu. The following menu will then be 









Detenlline Your Thinking Style: Sternberg 
liJagner Se lf-Assessr.lent Inventories 
Legislative Style B Executive Style 
Judicial Style D Monarchic Style 
Hierarchic Style F Oligarchic Style 
Anarchic Style H Global Style 
Local Style J Internal Style 
External Style L Liberal Style 
Conservative Style N Your Resulting Thinking Style 
Analyse Your Style Preferences p Develop Your ThinJ.:;i.ng Styles 
The student can also view his resulting thinking style preferences (option N) and may also decide to analyze his 
thinking style preferences (Option 0). This will allow him to see which statements from the 13 thinking style 
inventories describe him the best, and which the worst, and which everything in between. 
6. Option E on the main menu provides the student with a summary of his preferences for the various thinking 
styles. 
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7. Options F to I on the main menu use the profile of thinking styles determined in option D and displayed in 
option E. A specific student with a specific profile of styles is therefore under consideration. The advice 
provided in these options may be used to good effect in one-on-one tutoring situations, either to individualize 
instruction or to develop a student's less preferred thinking styles. 
8. Option F on the main menu provides the student's preferences per method of instruction across the 13 thinking 
styles. The student's preferences for the various thinking styles are mapped onto the methods of instruction 
which are most compatible with it. By selecting option F the following menu is activated: 
Preferences Per !Iethod of Instruction 
Across 13 Thinking Styles 
1 Single Highest Preference 
2 No of Preference Categories 
3 Stut"l of Preferences 
4 !Iost .c; Less Favourite !Iethods 
5 Return to Previous Level 
Option 1 lists the student's single highest preference per method of instruction, option 2 lists the number of 
active categories per method of instruction (for example, the student may have 1 high preference allocation and 
2 high middle preference allocations for the "lecture" method of instruction), and option 3 lists the numerical 
sum of his preferences per method of instruction. Option 4 displays the resulting most and less favorite methods 
of instruction (3 of each). 
9 . Option G on the main menu provides the student's preferences per method of assessment across the 13 thinking 
styles. The student's preferences for the various thinking styles are mapped onto the methods of assessment 
which are most compatible with it. By selecting option G the following menu is activated: 
Preferences Per !Iethod of Assessment 
Across 13 Thinking Styles 
1 Single Highest Preference 
~ No of Preference Categories 
3 Stuo of Prefeences 
4 !Iost & Less Favo:)Urite !Iethods 
5 Return to Previous Level 
Option 1 lists the student's single highest preference per method of assessment, option 2 lists the number of 
active categories per method of assessment (for example, the student may have 1 very high preference allocation 
and 2 low middle preference allocations for the "interview" method of assessment), and option 3 lists the 
numerical sum of his preferences per method of assessment. Option 4 displays the resulting most and less 
favorite methods of assessment (5 of each). 
10. Option H on the main menu provides the student's preferences per method of assignment across the 13 thinking 
styles. The student's preferences for the various thinking styles are mapped onto the methods of assignment 
which are most compatible with it. By selecting option H the following menu is activated: Option G on the 
main menu provides the student's preferences per method of assessment across the 13 thinking styles. The 
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student's preferences for the various thinking styles are mapped onto the methods of assessment which are most 
compatible with it. By selecting option G the following menu is activated: 
Preferences Per Hethod of Ass i•~n:aoent 
Across 13 Thinking Styles 
1 Single Hlghest Preference 
2 No of Preference Categories 
J S1.m1 of Preferences 
4 !Iost & Less Favourite !Iet.hods 
5 Return t.o Previous Level 
Option 1 lists the student's single highest preference per method of assignment, option 2 lists the number of 
active categories per method of assignment (for example, the student may have 2 low preference allocation and 2 
high middle preference allocations for the "Summarize" method of assignment), and option 3 lists the numerical 
sum of his preferences per method of assignment. Option 4 displays the resulting most and less favorite methods 
of assignment (5 of each). 
11 . Option I on the main menu summarizes the fmdings of the previous 3 options and provides an individualized 
teaching/tutoring strategy for the specific student. It recommends that the three methods of instructions, the five 
methods of assessment and the five methods of assignment which are most compatible with the student's profile 
of styles be used in one-on-one tutoring situations. It implies that the methods which are not included in this 
strategy could be used to "socialize" the student's less preferred thinking styles. 
12. Option J on the main menu stresses the importance of a flexible style of teaching and tutoring, and is aimed 
more on traditional classroom teaching than on one-on-one human- or computer-based-tutoring. 
13. Option K on the main menu activates the menu depicted below. Call this menu the TS Menu. It controls the 
thinking style based approach towards individualized tutoring which was described in detail in section 3.1., and 
is one of the methods which could be used within my intelligent tutoring environment to select a tutoring 
strategy for a student (the other were described in the previous two chapters). Option G on the main menu 
provides the student's preferences per method of assessment across the 13 thinking styles. The student's 
preferences for the various thinking styles are mapped onto the methods of assessment which are most 
compatible with it. By selecting option G the following menu is activated: 
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Map Presentation Elements on Thinking 
Styles & Individualize Tutoring 
A Default PE (LP Tutor) 
B Default Preferences I PE I TS 
C ID New Preferences I PE I TS 
D Define Your Own PE 
E ID Preferences I PE I TS 
F Display Student PreferencesiTS 
G PE/TS with Highest Preferences 
H Display Capability / PE 
I Goals, Constraints & PE of FDM 
J Fuzzy Tutoring Strategy 
K Alternative Tutor1ng Strategy 
L Peturn to the Previous Level 
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" 14. Option A on the TS Menu lists the presentation elements which are used within my tutoring environment to 
construct a tutoring strategy. The reader may, however, decide to construct a tutoring strategy for his own 
environment that contains another set of presentation elements. Options D and E were included for this purpose. 
15. Option Bon the TS Menu lists for each of the default presentation elements the degree to which it is compatible 
with (or suitable for) each of Sternberg's 13 thinking styles. The "facility to build mind maps" presentation 
element may, for example, be most "compatible" with the legislative thinking style, but have only a "small" 
degree of compatibility with the conservative thinking style. 
16. The user may use option C on the TS Menu if he is not completely satisfied with these default degrees of 
compatibility between presentation elements and thinking styles ( see option B). He may now defme new 
degrees of compatibility I suitability for each of the presentation elements and thinking styles. 
17. Option D on the TS Menu allows the user to defme his own set of presentation elements. At least 15 should be 
provided. Only these elements will be included in the tutoring strategy which will be recommended for such a 
user in options J and K. 
18. The user who chooses to defme his own set of presentation elements, must use option Eon the TS Menu to also 
defme degrees of compatibility of these presentation elements with Sternberg's 13 thinking styles. 
19. Option F on the TS Menu provides the student with a summary of his preferences for the various thinking 
styles. 
20. Option G on the TS Menu lists for each of the 13 thinking styles the presentation elements which are strongly 
associated with it, i.e. those which have a compatibility rating between 7 and 9. See section 3.1.2. These 
associations play an important role in constructing the tutoring strategy which will be displayed when option K is 
activated. This strategy is compiled with the aid of the approach that was sketched in section 3.1.6. 
21. Option H on the TS Menu lists the compatibility ratings of all the presentation elements. "Mind Map 
Presentation" may, for example, have a very high compatibility rating (i.e. it is capable of presenting the whole 
curriculum). "Diagrams", on the other hand, may only have a moderate capable rating, because it is not capable 
of covering all the material within the curriculum. 
22. The goals, constraints and alternatives of the fuzzy decision making model that is used in one of the approaches 
in section 3.1. to decide which presentation elements to include in the tutoring strategy, are displayed when 
option I on the TS Menu is chosen. See section 3.1.3. for a description of this model. 
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23. The resulting tutoring strategy is displayed when option Jon the TS Menu is selected. 
24. Option K on the TS Menu displays an alternative tutoring strategy to the one in option J. It is based on a 
simpler approach than the fuzzy model, and was described in section 3.1.6. 
4. The Teaching of Thinking 
If one carefully study the descriptions of Sternberg's 13 thinking styles (section 2.3 and appendix 12), the principles 
of thinking styles (section 2.4), the development of thinking styles (section 2.5), the research results about thinking 
styles in the classroom(section 2.5) and specifically the relationship between thinking styles and methods of 
instruction, assessment, and assignment (section 2.6), it is not difficult to see that certain aspects of thinking are 
associated with specific thinking styles. For example creativity is associated with the legislative, analysis with the 
judicial, organization with the hierarchical, recognition with the executive, perception and change with the liberal, 
design with the legislative, judgement with the judicial, etc. 
Remember also the principles that styles are socialized and teachable. If one could therefore fmd thinking skills 
exercises or thinking tools that are associated with each of these aspects of thinking, they could be used to socialize 
and teach certain thinking styles. Just like a teacher could socialize and teach certain thinking styles by using 
instructional methods that are typical of these styles, he will then also be able to do it by giving his students specific 
thinking skills exercises that are typical of these styles to complete. These thinking skills exercises will enable him 
further to improve his students' stylistic flexibility, to strengthen their favorite styles and to develop their less favored 
styles. Another way how this could be achieved, is by computerizing the process. This has the added advantage that 
the whole process could be individualized.. A computerized tool could therefore be developed that first determines 
its user's thinking style and then proceeds to provide thinking skills exercises that develop both its user's favorite and 
less favorite thinking styles. The tool could also encourage stylistic flexibility. Such an approach will, of course, 
also teach thinking skills, and if it is done according to a student's favorite thinking style, we have actually also 
succeeded in individualizing the teaching of thinking! Such an approach may therefore develop both thinking skills 
and thinking styles. 
The goals of this section are therefore, firstly, to investigate different approaches to the teaching of thinking and to 
fmd thinking tools or thinking skills exercises there within that are associated with specific aspects of thinking, and, 
secondly, to select one of these approaches and to investigate how it could be adapted for the purposes that were 
spelled out above. Other electronic media-based programs on thinking styles and the teaching of thinking will also 
be summarized. Section 5 will be used to formally present thinking style based approaches that individualize the 
teaching of thinking and the presentation of thinking and teaching games. 
4.1. Approaches to the Teaching of Thinking 
There appears to be an acceptance of the central place of teaching thinking skills in the curriculum (compare 
(Edwards, 1992), (Rose & Nicholl, 1997), (Dryden & Vos, 1994) and CAMP FILE 2005's curriculum). Arguments 
on how to go about it, however, range widely. The two major camps at the extremes of the argument are those who 
advocate embedding thinking skills in the traditional disciplines and curriculum (Glaser, 1985) and those who 
advocate teaching thinking as a new discipline in the curriculum (De Bono, 1976). 
The range of approaches taken to teach thinking is indeed very broad. Some approaches involve the use of specially 
published teaching thinking materials, others involve strategies to be used with existing materials. Some approaches 
involve the direct teaching of thinking strategies, others involve stimulating students to develop their thinking skills 
over time through engaging in activities such as dialectical discussions . Some approaches involve the teaching of 
thinking as a discrete activity, others teach thinking through the academic disciplines (Edwards, 1992). 
Those who support the domain-specific perspective include Glaser (1985), who sees learning and thinking skills 
being acquired through the teaching of the content and concepts of familiar knowledge domains, and Greeno ( 1980), 
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who argues that recent problem-solving research has allowed clear identification of the specific knowledge required 
to solve specific problems in a way that overshadows the value of supposed general problem-solving strategies. 
Edward de Bono (1976) and Feuerstein et al (1985), on the other hand, producers of the two thinking skills programs 
most widely used around the world (CoRT Thinking and Instrumental Enrichment), argue strongly for the teaching 
of thinking processes free from traditional content for psychological, sociological and pedagogical reasons . 
The Instrumental Enrichment (IE) program is designed to provide mediated learning experiences for the learner. 
Feuerstein et al (1985) believes in cognitive modifiability whereby 'structural changes' in the intellectual state of the 
organism can be achieved through the provision of appropriate mediated learning experiences. These can change an 
individual's cognitive structure and capacity to learn. Exercises in the IE program are designed to nurture proper 
learning sets and systematic data gathering behavior, to induce skills in comparative analysis thereby improving 
relational insights, and to remove attitudinal inhibitions. 
Feuerstein attaches considerable importance to the relatively "content-free" nature of the materials used in his 
program. The intent in the design of these materials was to make them as free of curricular content as possible. The 
rationale for this approach alludes to several resistances to the use of content material, resistances arising from the 
learner, the teacher, the material itself, and the student's history of failure with such material. Moreover, the use of 
content-free material is assumed to help keep the student's attention focussed on the objective of correcting specific 
deficient functions rather than on the content itself, a focus that is presumed to facilitate realization of the program's 
general goal. (Nickerson et al, 1985) 
The CoRT (Cognitive Research Trust) program is designed to teach children a set of thinking tools, or executive 
thinking strategies, which they can use to overcome the limitations of their existing and relatively fixed thinking 
patterns. De Bono (1985) also argues for a content-free approach: 
Attending to content distracts from attending to the thinking tools being used. Theory predicts this outcome: you 
cannot build metapatterns at one level and experience patterns on another level at the same time. Experience backs 
up this expectation. Wherever there has been an attempt to teach thinking skills and content together, the training in 
thinking seems to be weaker than when these skills are taught in isolation. De Bono acknowledges that subject 
idioms exist. Nevertheless he claims that it is possible to establish both habits of mind and specific thinking 
techniques that can be applied in any subject area. For example, he cites the willingness to look for alternatives as a 
generalisable thinking habit, and deliberate provocation as a technique that can be applied to generate ideas in any 
situation. 
It is not the aim of this study to get involved in the debate on which approach is best. We were simply looking for an 
approach that works, that has a proven track record, that is easy to implement and one that has specific thinking tools 
or thinking skills exercises associated with the development of specific aspects of thinking.. My choice fell on De 
Bono's programs. Firstly, because it has been widely used for more than twenty years, and there is great enthusiasm 
for the program from many users. Secondly, because data, both quantitative and anecdotal, exist that suggest that the 
program do have measurable positive effects on students' thinking skills. Thirdly, because the program is easy to 
implement. And fmally, because his programs contain games and tools that are associated with specific aspects of 
thinking, it will be easy to use them within my approach to individualize the development of thinking styles and 
thinking skills. My choice will be further motivated in the upcoming sections. 
My approach does, however, although it implements De Bono's programs, lie somewhere between the extremes 
sketched above. The student is challenged within a so-called "environment for the gifted" to apply some of De 
Bono's generalisable thinking tools to the LP curriculum. Because the student has by then already mastered the 
basics of the curriculum, the content should not restrict the student from both learning how to think and learning 
about the curriculum. Because these tools have also been proved by research (Edwards, 1992) to be generalisable, 
there is no reason why they should or could not be applied to the curriculum. These thinking skills exercises will 
therefore at least enrich the student's understanding of linear programming, introduce him to important thinking skills 
and develop his thinking style flexibility. Because this process will also be individualized to accommodate the 
student's preferred thinking styles, this learning experience should be a positive and constructive one. The student 
will be challenged in his preferred thinking style. Section 4.2.5 provides research results that supports my approach. 
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It reports on a study where De Bono's thinking tools were infused throughout a curriculum. The results were 
overwhelmingly positive. 
The student in my conceptual framework I tutoring envirorunent is also, if it is one of his or her preferred 
learning/presentation elements, given the opportunity to learn about the curriculum through games. These games are 
based on some of De Bono's thinking games and are applied to the curriculum. They are also individualized to 
accorrunodate the student's preferred thinking styles. More information on these games and how they are 
individualized is provided in sections 4.2.6. and 5. 
4.2. De Bono's Approach to the Teaching of Thinking 
4.2.1. Background Information on Edward de Bono 
A thorough study was undertaken of Edward de Bono's work and his teaching of thinking skills (De Bono, 1990a, 
1990b, 1991a, 1991b, 1992, 1993a, 1993b, 1993c, 1994, 1996). De Bono is, according to many, the leading 
authority in the field of creative thinking, he is the originator of the term "lateral thinking" and he is one of only a 
few thinkers who is highly regarded internationally. 
He runs the largest curriculum program for the direct teaching of thinking in schools. Some countries, like 
Venezuela, have made it compulsory in all schools, and there is a growing use in Canada, the USA, China and 
Russia. There are also schools in South Africa that are starting to use his techniques. His instruction in thinking has 
also been sought by such well-known corporations as Nippon Telephone and Telegraph (Japan), DuPont, Ericsson, 
United Technologies, American Standard, EXxon, and Shell. His "Six Thinking Hats" method is now used in many 
corporations, such as Prudential and IBM. He has also worked for various governments. His method are just as 
valuable for the senior executives of multinational corporations as for nine-year olds in primary school. 
De Bono says: "Many highly intelligent people are articulate but poor thinkers. Argument and critical thinking are 
not enough. Today clear and constructive thinking, the ability to make decisions and choices, to design and plan 
initiatives, and to be creative are demanded." De Bono continues and compares thinking to driving a car - anyone 
can develop a high degree of skill in thinking/driving if he or she wants to. He states: 
"Intelligence is like the horsepower of a car. A powerful car has the potential to drive at speed. But you can have a 
powerful car and drive it badly. Someone with a less powerful car may be a better driver. Like the horsepower of a 
car, intelligence is just potential. Thinking is the driving skill with which each individual drives his or her 
intelligence." 
De Bono's thinking programs cover the basic aspects of thinking: Perception - how do we choose to look at the 
world?; the power of possibilities - the driving force behind the success of Western civilization in science and 
technology; the generation of alternatives - it gives us more freedom of action; choice and decision - we sometimes 
have to choose between alternatives; judgement - very important; analysis and values and feelings. 
4.2.2. Venezuela's Intelligence Project and Related Applications 
Dickinson (1997) reports on the Intelligence Project of Venezuela within which De Bono's techniques are playing a 
key role in teaching an entire nation how to think. 
From 1948 to 1958, Venezuela was under a dictatorship at the end of which the country was 85% illiterate. In 1979, 
Dr. Machado was appointed by the President of Venezuela to become the first in the world cabinet level Minister for 
the Development of Human Intelligence. His mission was to raise the level of intelligence of the entire population of 
his country from birth to old age. 
The Intelligence Project in the schools was under the leadership of Margarita Sanchez, who worked closely with 
David Perkins from Harvard, Robert Sternberg from Yale, Edward de Bono from England, Reuven Feuerstein from 
Israel, and Jaacov Agam from France, among others. The arts were an important part of the curriculum, and the 
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teaching of thinking skills was taught both as a separate subject and integrated throughout the curriculum with 
remarkable results . Students were often invited to help brainstorm and solve some of the civic problems of their 
communities. On the college level, university professors were taught how to ask thought-provoking questions and 
help their students to develop higher order thinking skills. The adult population was also helped to learn problem 
solving skills in special programs supported by all the media, in the civil service, in worker training programs for 
illiterate adults, and in the military. 
In 1984 the political system changed and the newly elected president was threatened with the idea of Venezuela's 
developing a more intelligent population. The Intelligence Project was consequently discontinued, and during the 
following thirteen years the schools steadily declined in academic achievement. 
The project was resumed in 1997. One hundred schools immediately became involved, and the planning was to 
increase this amount to 300 within a year. These schools require the teaching of thinking, including understanding, 
problem-solving, and decision-making, as a separate subject two periods a week, as well as integrating the 
development of higher order thinking skills throughout the curriculum. 
During the years in between 1984 and 1997 Machado and the former directors of his project turned their attention to 
continuing the project elsewhere. During this interim period, 250 million Chinese have learned thinking and 
problem-solving strategies and other components of the Venezuela Project from all of those involved in its original 
operation. In South Africa, under the leadership of Beatriz Capdevielle, Machado's former administrative assistant, 
and David Perkins, co-director of Project Zero at Harvard, over 30,000 Black students and over 70,000 Black 
workers in the mines have been helped to learn and develop thinking skills. In Mexico, under the leadership of 
Margarita Sanchez eight universities, including the prestigious Technical Institute of Monterey, are now requiring 
the learning of thinking skills as a required subject for three years. In the United States, assisted by Beatriz 
Manrique, a replica of Venezuela's Family Project has been developed in Maryland. 
4.2.3. The CoRT Program 
De Bono have designed many techniques for the teaching and practice of thinking, among. them the CoRT program, 
the six thinking hats framework and the six action shoes framework. For the purposes of this section, I will only 
concentrate on the CoRT program. The CoRT program was designed by Dr De Bono and was first published in 
1973. The name CoRT comes from the Cognitive Research Trust which De Bono established at Cambridge in 
England. The CoRT program consists of sixty lessons divided into six sections, CoRT I to CoRT VI, of ten lessons 
each. The program offers instruction in a selection of specific thinking skills. Examples include the PMI thinking 
tool (Plus Minus and Interesting points), the OPV thinking tool (Other Person's View), the EBS thinking tool 
(Examine Both Sides) and the AGO thinking tool (Aims, Goals and Objectives). The lessons, and accompanying 
tools, were designed to be practical and useable in a wide variety of settings, from the jungles of Venezuela to IBM 
headquarters in Paris. 
The CoRT thinking lessons are now the most widely used materials for the direct teaching of thinking as a basic skill. 
The program's lessons are in heavy use throughout the USA, in the UK, Ireland, Canada, Australia, New Zealand, 
Israel and Malta. In Venezuela, after a year's pilot program, the CoRT thinking lessons have been added on to the 
curriculum of every school in the country. The government of Singapore also plans to have the CoRT program in 
use in all schools by the year 2000. 
4.2.4. A Selection of Thinking Tools for Application in My Framework 
I have selected 25 thinking tools from De Bono's programs and integrated it within the curriculum of my conceptual 
framework. These tools are then used within the so-called "environment for the gifted" to challenge users of the 
system to apply them to topics from the LP curriculum. The tools were taken mainly from the CoRT program and 
include general thinking tool (e.g. PMI), other people thinking tools (e .g. OPV and EBS), decision thinking tools 
(e.g. the full matrix method), think-and-do thinking tools (e.g. AGO) and deliberate thinking frameworks (e.g. 
TO/LOPOSO/GO). All25 thinking tools are described in appendix 14. 
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Problem solving scenarios that challenge students to apply these thinking tools to topics from the LP curriculum 
were generated for all25 thinking tools. Examples for the PMI, OPV, EBS and AGO thinking tools are listed below. 
Application of Thinking Tools to LP Topics 
Since the simplex method can also be used to solve transportation and assignment problems, it was suggested to only 
teach students this method and to omit Vogel's method, the transportation algorithm and the Hungarian solution 
technique from the LP curriculum. Do a PMI on this suggestion. 
Use the OPV technique to explore the feelings of a LP-illiterate person. Use this knowledge to formulate an 
explanation which will help such a person to understand LP and its potential. 
Examine the thinking on both sides of the following statement (by applying the EBS technique): "We (the students) 
should only be taught HOW to model and solve LP problems, and not WHY these techniques work. Unlike 
researchers and pure mathematicians who are interested in proofs and theoretical foundations, we only want to have 
the skills to model and solve LP problems." 
Explain how the AGO thinking tool is used in the modeling of LP problems. Utilize it to identify the objectives, the 
constraints, the variables, etc. 
More examples, at least one for each of the 25 thinking tools, can be found in appendix 14. 
4.2.5. Research on the Application of De Bono's CoRT Program 
Edwards (Edwards & Baldauf, 1983) integrated De Bono's CoRT program in their science curriculum. Practical 
results in the school were very positive, with strong supporting anecdotal evidence from teachers, parents and 
students. Research data (reported in (Edwards & Baldauf, 1983)) also revealed strong benefits from the direct 
teaching of the CoRT Thinking Program. 
Edwards (1991a, 1991b, 1994 and 1995) reports on a series of studies on the application of the CoRT program in 
practical settings. The results indicate that student thinking can be improved in a range of respects through the direct 
teaching of the CoRT program. Improvements in scholastic aptitude scores, scores on tests for Creative Thinking, 
scores on self-perceptions of use of CoRT thinking approaches, and often improvements on heavily content-based 
school exams, were found for students taught the ten lessons of the CoRT-I program when compared with control 
groups. Similar promising results were reported in South Africa from a comparative study of CoRT. The study used 
mixed-race gifted upper primary school children at an after-school center, and showed significant improvements in 
creativity and locus of control. 
Edwards(1995) also reports on a major study that began in North Queensland in 1987. It looked at teaching a group 
of 12 year olds, in their last year of primary school, all sixty lessons of the CoRT program - two lessons a week for 
thirty weeks. The teacher was helped to infuse the CoRT thinking skills, once learned by the students, through all 
disciplines of the curriculum. Once again students showed improved scores on a range of quantitative measures. In 
addition, the teacher showed growth on a range of measures (Clayton and Edwards: 1989). Both the teacher and the 
headmaster, who also regularly took the class, reported impressive benefits. The teacher noted that her teaching style 
had become much more interactive; she now used group work more; she knew her students and their thinking at a 
much deeper level than ever before in thirteen years of teaching; the students had achieved outstanding and 
unexpected results on a set of standardized national tests; and the students now contributed many more ideas of a far 
higher quality than they had done before CoRT instruction. 
Feedback from the children was also positive, with the majority reporting big improvements in their thinking and 
self-confidence, and many reporting wide use ofCoRT skills across the curriculum and in their everyday life. 
More feedback about the successful application of De Bono's techniques and research results that highlight the 
benefits and effectiveness thereof can be found on his website (http://www.edwdebono.com). The above provided 
results were provided to show research support for my proposed approach and to highlight some of the benefits the 
teaching of thinking may have if integrated within a curriculum. 
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4.2.6. The Role and Examples of Thinking Games 
De Bono (1999) says that games can be extremely useful for illustrating points, for making thinking visible, for 
reducing attitudes that obstruct thinking and also for building up useful attitudes, and that he very often uses games 
for this purpose. He says that games or situations which require a repetition of the same thinking process can indeed 
develop useful thinking skills. It can further make the student conscious of thinking as a process and of some of the 
different types of thinking. 
In "Mind Power" De Bono( 1996) developed a set of card games to practise each aspect of thinking. These games 
have been designed to be fun and enjoyable, and to be repeated again and again. These games cover the following 
aspects of thinking: Recognition, concepts, possibilities, judgement, alternatives, comparison and choice, analysis, 
perception, values and feelings, design, and problem-solving (A short declarative description of each of these aspects 
is provided in the next section). I adapted these games for my environment, enabling the student to play most of 
them against the computer (tutor), instead of a friend (or foe!) . The rules of a selection of these games are spelled 
out in appendix 13. 
Two types of games are possible: One is played with number cards, the other with picture or concept cards. The 
latter consists of pictures of simple objects, or simple concepts from a certain subject area (in our case linear 
programming). These games are used to teach the student the above mentioned aspects of thinking. 
The above-mentioned thinking games were computerized and combined as teaching games with coaching procedures 
within my tutoring environment to simultaneously teach students linear programming skills and give them an 
opportunity to practise their thinking skills. The resulting teaching games can either be used independently or within 
any of the models of tutoring and learning. In the latter case a student's learning preferences will determine if games 
are part of the recommended tutoring strategy and if it is, it will also determine which games will be used; in other 
words: The presentation of teaching games are individualized to fit a student's preferred thinking and/or learning 
style. 
4.2.7. Aspects of Thinking and Thinking Tools and Thinking Games 
As was mentioned above, De Bono ( 1996) identified 11 aspects of thinking and described thinking games that are 
associated with each of these aspects. Each of these games develops the player's skill in the associated aspect of 
thinking. Each of the tools described in section 4.2.3 can also be mapped onto these aspects of thinking. This is 
actually what we were looking for: Thinking tools and games that are associated with aspects of thinking that are 
associated with thinking styles! These 11 aspects of thinking, together with the names of the thinking games and 
thinking tools that are associated with each, are described below. These descriptions will later be used when 
associations between specific thinking styles, aspects of thinking, and thinking tools and -games are needed. 
Recognition 
Recognition's aim is to fmd an answer to the question "What is it?" . The "thirty questions-" , the "forty questions-" 
and "recognize from a description" thinking games are used to train the student in this aspect of thinking. An 
example of a thinking tool that may address this aspect is the C &S thinking tool. 
Concepts 
Thinking about concepts involves putting things into groups. Our minds are experienced both in recognizing and 
linking two items that are similar- the "concept snap" thinking game is used to practice this skill. Most of the time 
it is easy to group items on the basis of a broad concept and more difficult to recognize the narrower concepts 
involved. The "broader concepts" thinking game aims to develop this skill. Examples of thinking tools that may 
address this aspect are the PMI and FIFO thinking tools. 
Possibilities 
Thinking about possibilities means finding an answer to the question "What could it be?" . Possibilities are the 
driving force of human thinking and human progress. Possibilities allow us to deal with new or old things that we 
cannot see clearly. We may put forward a possibility in our minds and then work to check that possibility out. Keep 
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in mind that our brains can only see what it has been prepared to see. We must therefore prepare the brain by 
creating possibilities in order to see new patterns and new ideas. The "discovery-" and "sequence-" thinking games 
are designed to do exactly this. Examples of thinking tools that may address this aspect are the APC, the CAF and 
the What iL thinking tools. 
Judgement 
Judgement is in some ways the most fundamental operation of human thinking. It looks to fmd answers to the 
questions "Does this match?", "Does this fit?", and "Is this right?". We have an idea in our minds of how things 
should be. We then judge whether something matches this idea. Every time we judge something, we are judging it 
against some experience or expectation or feeling. Judgement of many things is not always easy - we may have to 
make a decision, and sometimes this decision is not as firmly based as we would like it to be. The thinking games 
"judged pairs", "memory judgement" and "frame of judgement" are used to train the player in judgmental thinking. 
Examples of thinking tools that may address this aspect are the FIP, the Simple Matrix and the Easy Way Out 
thinking tools. 
Alternatives 
The generation of alternatives is the thinker's answer to the question "What other ways are there?". In some 
situations alternatives are presented to you, but at other times you will have to create alternatives for yourself. If the 
alternatives are presented, then all you have to do is to choose between them. In other cases you will have to create 
possible alternatives first and then choose from them. We should also always try to find better alternatives, even 
though the available ones may work welL Finding better alternatives is actually how movement and progress come 
about "Alternate stories-", "the four tiles-", "the logical sequence-" and "the number sequence alternatives-" 
thinking games all aims to improve our ability to generate alternatives. Examples of thinking tools that may address 
this aspect are the Ideal Solution, the What -if... and the PISCO thinking tools. 
Comparison and choice 
Comparison enables us to move forward to new things. It looks to fmd answers to the questions "What is different?" 
and "What is the same?". Choice and decision are tied up with alternatives, comparison and judgement - we judge 
which alternative is best 
Decision is a form of choice. There are two aspects to any decision and choice. Firstly, you must explore the 
alternatives which are available. It may be an attempt to discover further alternatives, to design new ones by 
possibly combining two existing ones, to investigate the consequences of choosing a particular alternative, to look at 
immediate and longer-term consequences, and to look at the difficulties, problems and potential dangers of specific 
alternatives. The second aspect has to do with the person who is making the decision or choice. What are his needs 
and tastes? In what context must he make the decision, and which priorities are involved? What are the values, and 
what is the objective that the decision-maker is trying to reach by making the choice or decision? 
"The similarity-", "the difference-", "the adjacent-", "the framework-" and "the sequence collecting" thinking games 
will develop the student's ability to make comparisons, choices and decisions. Examples of thinking tools that may 
address this aspect are the ADI, the Full Matrix and the Best Home thinking tools. 
Analysis 
Analytical thinking provides the answer to the question "What are the parts?". Analysis is another one of the most 
fundamental processes of human thinking. It enables one to break down a complicated situation into smaller sections 
that are more manageable. Many things in the world are quite complicated, and most things we know are quite 
simple. Analysis breaks down the complicated matters into simple things that we know and can deal with more 
easily. 
Although analysis is very important, one has to be aware of two big dangers: The fust one is the misconception that 
analysis and judgement are enough for successful thinking. They definitely are not - creativity and possibilities are 
the driving force of progress. The other danger is thinking that the behavior of a complex system can be detected in 
the behavior of its parts. It cannot 
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The thinking games "analyze the reason", "analyzing achievement" and "common parts" are used to practice 
analytical thinking skills. Examples of thinking tools that may address this aspect are the PMI, the Spell Out and 
the TO/LOPOSO/GO thinking tools. 
Perception 
Analysis may sometimes reveal the true parts that are present or that have been assembled into the fmal solution. In 
other cases the parts are determined by how we choose to look at something, that is perception. De Bono rates 
perception as by far the most important part of thinking. Perception is the way we see the world around us at any 
particular moment. All perception is based on experience, our mood, our needs of the moment, and on our thinking 
skills. 
Perception is concerned with change - how the same thing can be seen in many different ways. One very important 
aspect thereof is selection - the things that we choose to look at. Where do we direct our attention? De Bono's 
CoRT program for the direct teaching of thinking focuses sharply on this aspect. 
"The perception-", "change perception-", and "number choice-" thinking games were designed to address perception 
as a thinking skill. Examples of thinking tools that may address this aspect are the CAF, the EBS and the OPV 
thinking tools. 
Values and feelings 
Values and feelings (what do I feel) are, in the end, the most important things to anyone who is doing thinking. De 
Bono says: "The purpose of thinking is to arrange the world in our minds, so that we can apply our feelings 
effectively - not only for ourselves but for other people, too." 
Values and feelings require thought. The first thing to remember is to acknowledge and to be aware of what our 
values and feelings are in a situation. It is then important to see how those values and feelings affect out thinking 
with regard to the situation. The last thing to do is to consider whether the values and feelings are justified or helpful 
in a particular situation. 
There are also at least two big problems with values and feelings . The first is that your values and feelings may not 
agree with those of other people; and the second problem is that something that has a high value at one moment may 
have a negative value only a little while later. 
It is also very important to be sensitive to the feelings of other and to remember that there are negative and positive 
values. 
The thinking games "quick values", "constructive values", "early choice" and "different values" are utilized to teach 
values and feelings. Examples of thinking tools that may address this aspect are the OPV, the HV & LV and the 
FGL thinking tools . 
Design 
Design (how do I design this) is a matter of putting things together to achieve some objective. Three things must be 
kept in mind with any design: What are you trying to achieve (the objective)?; What are the factors or constraints 
that you have to fit?; and, What materials or ingredients are available? Also remember that design is much broader 
than just visual appearance. 
Thinking games "design a story", "design a game", "design a tourist attraction", "design a cross" and "functions" are 
used to teach design thinking skills . Examples of thinking tools that may address this aspect are the Ideal Solution, 
the Best Home and the TEC-PISCO thinking tools. 
Problem-solving 
A problem-solving process is the answer to the question "How do I solve this?" A problem occurs when the course 
of action towards a desired objective is not easy or routine. A problem can be solved by either removing the cause 
or by designing a way forward, even if the cause stays in place. We can therefore either prevent or respond. 
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Problem-solving skills are impressed upon students by the thinking games "exact number", "problem solver", 
"potential problems" and "problem solving function". Examples of thinking tools that may address this aspect are 
the AGO, the TO/LOPOSO/GO and the TEC-PISCO thinking tools. 
4.3. Electronic Media-based Teaching of Thinking 
Before looking at how the teaching of thinking with the aid of some of De Bono's thinking tools and thinking games 
were integrated within the LP curriculum and within my conceptual framework and how a style based approach can 
be used to individualize the process, it is worth mentioning a few other media-based approaches to the teaching of 
thinking. 
Most of De Bono's programs and techniques are available on video and I or CD ROM. Examples include The CoRT 
Thinking Lessons Video I CD, The Six Thinking Hats Lessons for Schools Video I CD and Serious Creativity 
Computer Software. All of these products either assist, facilitate or teach thinking in a content-free environment. 
More information are available on De Bono's website at http://www.edwdebono.com/debono/selfi.htm. 
The world wide web is also used to promote the teaching of thinking. An example thereof is the School of 
Thinking's website at http://www.sot.com.au. Dr Michael Hewitt-Gleeson, a student of Dr De Bono, originally 
began the School of Thinking to teach American and Australian children to think. Over the past 25 years its lessons 
have already reached over 50 million people around the world. These lessons are promoted and made available via 
the school's website. 
Another project that uses computers in the teaching of thinking are the Higher Order Thinking Skills (HOTS) 
program of Stanley Po grow. HOTS is a computer-based thinking program for at-risk students in grades 4 through 7. 
It was designed by Stanley Po grow of the University of Arizona and now includes a network of more than 1,300 
schools across the United States. Instead of focusing on traditional drill-and-practice activities and supplementary 
instruction in content areas, the HOTS program emphasizes "the basic thinking processes that underlie all learning" . 
Central to the program is the premise that at-risk students need help in regulating their thinking processes. The 
HOTS curriculum and the use of computers enable students to improve their skills in metacognition, inference from 
context, decontextualization, and information synthesis. As a result, students improve their comprehension and gain 
confidence in their ability to learn. 
Software is not used to teach the above or any other specific skills . Rather, software is used as a opportunity to create 
"learning dramas" situations where students are highly motivated to complete a task and where questions are 
developed to stimulate students to engage in the key thinking skills. These questions are not necessarily related to the 
specific goal of the software, nor is the specific goal of the software important to the learning process. The programs 
simply involve and intrigue the students. 
For further information on the HOTS project the reader is referred to 
http://www.ncrel.org/sdrs/areas/issues/students/atrisk/at7lk53.htm. 
These three references basically represent the kinds of electronic media-based approaches I have found in the 
literature and on the internet. Since I have not encountered any reference or study that integrates either the teaching 
of thinking or the individualization of the teaching process by means of a thinking style-based approach within an 
intelligent computer-based tutoring environment, I have reason to believe that the approach that I will propose in the 
next section is unique and that it can make an important contribution to the field of intelligent tutoring environments. 
5. Thinking Style Based Approaches to Individualization and the Teaching 
of Thinking 
Section 2.3. identified two models of thinking styles and earmarked them to be used within my tutoring environment, 
namely Sternberg's theory of mental self-government (Sternberg, 1994 & 1997) and Gregorc's energetic theory of 
mind styles (Gregorc, 1979 & 1984). Exactly how they can be incorporated, is spelled out below. 
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5.1. The Theory of Mental Self-Government 
5.1.1. Matching the Student's Preferred Thinking Style with the Most Appropriate Thinking Games and -
Tools 
A carefully study of the descriptions of Sternberg's 13 thinking styles (section 2.3 and appendix 12), the principles of 
thinking styles (section 2.4), the development of thinking styles (section 2.5), the research results about thinking 
styles in the classroom(section 2.5) and specifically the relationship between thinking styles and methods of 
instruction, assessment, and assignment (section 2.6), revealed that certain aspects of thinking are associated with 














Design, Alternatives, Possibilities, Problem-solving. 
Recognition, Possibilities, Problem-solving. 
Analysis, Judgement, Comparison & choice. 
Problem-solving. 
Analysis, Alternatives, Values and Feelings. 
Alternatives. 




Values & Feelings. 
Alternatives, Perception. 
Judgement. 
Other interpretations and mappings are also possible, and certainly valid. Provision was therefore made in the 
computerized tool (see section 5 .1.3) for the teacher I facilitator to defme his or her own associations between 
thinking styles and the different aspects of thinking. These mappings could further be refmed by defming to which 
degree the various aspects of thinking match the 13 thinking styles (in a way similar to how presentation elements 
were associated with the 13 thinking styles in section 3). This is, however, not integrated in the current version of 
the computerized tool that implements this procedure (see section 5.1.3). 
Now that specific aspects of thinking are associated with specific thinking styles, it is easy to predict which thinking 
games and -tools will be most and least favored by the student (Remember that specific sets of thinking games and -
tools, which are associated with the various aspects of thinking, were already identified in a previous section). 
Simply determine the student's profile of thinking styles and recommend that the thinking games and -tools which 
are associated with the aspects of thinking which are associated with the student's preferred thinking styles, be used. 
The following procedure was consequently formulated to formalize this procedure: 
a) Obtain a description of the student's profile of thinking styles by administering the 13 Sternberg-Wagner Self-
assessment Inventories which are listed in appendix 12. 
b) Map the classifications obtained in (1) on corresponding thinking style preferences. Then map the associated 
preferences/priorities onto the various aspects of thinking and then onto the corresponding set of thinking games 
and -tools. The games are listed in appendix 13 and the tools in appendix 14. 
c) Ifthe purpose of the thinking games I tools is to individualize instruction, then present the thinking games I tools 
with the highest priorities to the student. 
d) If the purpose of the thinking games I tools is to develop a student's less favored aspects of thinking, then present 
the thinking games I tools with the lowest priorities to the student. 
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e) If the purpose of the thinking games is purely to develop general thinking skills, then any of the thinking games I 
tools can be recommended. 
The procedure is illustrated in the next section. 
Because styles are socialized and teachable, this procedure could be used to socialize and teach certain thinking 
styles. Just like a teacher could socialize and teach certain thinking styles by using instructional methods that are 
typical of these styles, he will now be able to do it by giving his students specific thinking skills exercises that are 
typical of these styles to complete. These thinking skills exercises will enable him further to improve his students' 
stylistic flexibility, to strengthen their favorite styles and to develop their less favored styles. Another way how this 
could be achieved, is by computerizing the process. This has the added advantage that the whole process could be 
individualized.. A computerized tool could therefore be developed that first determines its user's thinking style and 
then proceeds to provide thinking skills exercises that develop both its user's favorite and less favorite thinking 
styles. The tool could also encourages stylistic flexibility. Such an approach will, of course, also teach thinking 
skills, and if it is done according to a student's favorite thinking style, we have actually also succeeded in 
individualizing the teaching of thinking! Such an approach may therefore develop both thinking skills and thinking 
styles. I have done exactly this within my conceptual framework. The computerized tool are demonstrated in 
section 5.1.3, but first an illustration of the above described procedure, that forms the basis of the computerized tool, 
is provided. 
5.1.2. An Illustration of the Procedure 
a. Description of the Student 
A hypothetical student who took the 13 thinking style inventories could be described as having the following 



























b. Mapping of Preferences onto Aspects of Thinking and onto Corresponding Thinking Games I Tools 
The student therefore has a High Middle preference for the "Recognition" aspect; a High preference for the 
"Concepts" aspect; a High Middle preference for the "Possibilities" aspect; a Low Middle preference for the 
"Judgement" aspect; a Very High preference for the "Alternatives" aspect; a Very Low preference for the 
"Comparison & Choice" aspect; a Very Low preference for the "Analysis" aspect; a Low Middle preference for the 
"Perception" aspect; a Low preference for the "Values & Feelings" aspect; a Low Middle preference for the 
"Design" aspect; and a High preference for the "Problem-solving" aspect. The single highest preference per aspect 
across the 13 styles was used for this intermediate result. 
The numerical sum of the student's preferences per aspect across the 13 thinking styles was used to determine his 5 
most preferred and his 6 less preferred aspects. See section 3.1.3. for a list of numerical values that are associated 
with the linguistic preferences. The student's top 5 (favorite) aspects of thinking, in no definite order, are therefore 
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alternatives, problem-solving, concepts, possibilities and values & feelings, and his or her 6 less favorite aspects of 
thinking, in no definite order are judgement, analysis, recognition, design, perception, and comparison & choice. 
c. Thinking Games I Tools to Individualize Instruction 
A selection of thinking games associated with the aspects of thinking with the highest preferences are recommended. 
They are: Alternative Stories-, Problem Solver-, Broader Concept-, the Sequence- and the Constructive Values 
Thinking and Teaching Games. 
Thinking tools which could be recommended include APC , TO/LOPOSO/GO, FIP, PISCO, and Buriden's Ass 
Method. 
d. Thinking Games I Tools to Develop the Less Favored Aspects of Thinking 
A selection of thinking games associated with the aspects of thinking with the lowest preferences are recommended. 
They are: Frame of Judgement-, Analyze the Reason-, Recognize from a Description-, Design a Game-, The 
Perception- and Sequence Collecting Thinking and Teaching Games. 
Thinking tools which could be recommended include the Spell Out Method, the Simple Matrix Method, C & S, the 
Ideal Solution Method, the Full Matrix Method and the Easy Way Out Method. 
e. Thinking Games I Tools to Develop General Thinking Skills 
The student may select any of the thinking games I tools, because here the goal is just to develop various aspects of 
thinking, preferred and less preferred. 
Comments 
Most of the thinking tools have more than one aspect associated with it (see appendix 14). Compare this with the 
thinking games which are neatly categorized under a specific aspect of thinking (appendix 13). As a result there will 
almost always be an overlap between the thinking tools that are recommended to individualize and those that will be 
recommended to address the student's less favored aspects of thinking. This could potentially happen in (c) and (d) 
above. 
When the same aspect of thinking is assigned two different preferences I ratings (because of its association with 
thinking styles with different preferences I ratings), the numerical sum of these preferences should be used. This is 
what happened in (b) above. 
5.1.3. A Computerized Tool to Individualize the Teaching I Tutoring of Thinking 
A computerized tool was develop to facilitate the individualization of the teaching of thinking within the LP 
curriculum, both within the traditional classroom and within my tutoring environment. Consult appendix 15 to see 
where to get a copy of this tool and to read instructions on how to run it. The following step-by-step description and 
menu screen shots will give the reader a good overview of how it actually works. 
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Develop Your Thinking Styles With 
De Bono's Thinking Tools & -Games 
A Determine Your Thinking Styles B P1•efe1•ences / Thinking Style 
C Aspects of Thinking & Styles D Thinking Tools & Aspects of Th 
E Thinking Games & Aspects of Th F Preferences Per Aspect of Th 
G Favourite Thinking Tools H Less Favourite Thinking Tools 
I Favom•ite Thinking Ga111es J Less Favourite Thinking Ga111es 
K Develop Less- & Most Favourite L Individualization in LP Tutor 
M Return to CATS BATTLE 
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2. The student determines his thinking style preferences by taking the Sternberg-Wagner Self-Assessment 
Inventories (Option A). The following menu controls this option. 
Determine You~ Thinking Style: Ste~nberg 
Wagne~ Self-Assessment Invento~ies 
A Legislative Style 
C Judicial Style 
E Hie~a~chic Style 
G Ana~chic Style 
I Local Style 
K Exte~nal Style 
B Executive Style 
D Mona~chic Style 
F Oliga~chic Style 
H Global Style 
J Inte~nal Style 
L Libe~al Style 
M Conse~vative Style 
0 Analyse You~ Style 
H You~ Resulting Thinking Style 
Prefe~ences P Develop You~ Thinking Styles 
The student can also view his resulting thinking style preferences (option N) and may also decide to analyze his 
thinking style preferences (Option 0). This will allow him to see which statements from the 13 thinking style 
inventories describe him the best, and which the worst, and which everything in between. 
3. Option Bon the main menu provides the student with a summary of his preferences for the various thinking 
styles. 
4. The student can investigate which aspects of thinking are associated with which thinking styles by selecting 
Option C on the main menu and by then exploring the following menu: 
Associate Sternberg's Thinking Styles 
With De Bono's Aspects of Thinking 
A Uie~1 Default Associations 
C Sternbe1•g' s Thinking Styles 
E ID Aspects / Excutive IS 
G ID Aspects / Monarchic IS 
I ID Aspects / Oligarchic IS 
K ID Aspects / Global IS 
M ID Aspects / Internal IS 
0 ID Aspects / Liberal IS 
Q Update Associations & Uiew 
B De Bono's Aspects of Thinking 
D ID Aspects / Legislative IS 
F ID Aspects / Judicial IS 
H I D Aspects / H iera1•chic IS 
J ID Aspects / Anarchic IS 
L ID Aspects / Local IS 
H ID Aspects / External IS 
P ID Aspects / Conse1•vative IS 
R Develop Thinking Styles 
Options D to Q can be used by the teacher I facilitator to defme his or her own associations between thinking 
styles and the different aspects of thinking. The defmitions of the different aspects are available in option B and 
an overview of Sternberg's 13 styles can be consulted by selecting option C. The default associations (as defmed 
in section 6.1 .1) are listed when option A is chosen. 
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5. The student can access kiosk information on 25 thinking tools by selecting Option D on the main menu. The 
following menu allows him to learn about the various thinking tools. 
Kiosk Information on Thinking Tools~ 
Aspects of Thinking & Tools / Aspect 
1 General Thinking Tools 
2 Other People Thinking Tools 
3 Decisions Thinking Tools 
4 Think & Do Thinking Tools 
S Deliberate Thinking Tools 
6 De Bono's Aspects of Thinking 
? Thinking Tools / Aspect of Th 
8 Aspects of Th / Thinking Tool 
9 Return to Previous Level 
He can also investigate which thinking tools are associated with which aspects of thinking, and vice versa. 
6. The student can access kiosk information on 42 thinking games by selecting Option E on the main menu. The 
following menu allows him to discover these games. 
Computerized Thinking & Teaching Games 
Per Aspect of Thinking - Descriptions 
A Explore Aspects of Thinking 
B "Recognition" Games 
C "Concepts" Games 
D "Possibilities" Ga111es 
E "Judge111ent" Ga111es 
F "Alternatives" Ga111es 
G "Co111parison and Choice" Ga111es 
H "Analysis" Ga111es 
I "Percept ion" Ga111es 
J "Ualues and Feelings" Ga111es 
K "Design" Ga111es 
L "Proble111-Solving" Ga111es 
H General Thinking Ga111es 
H Return to Previous Level 
He can also investigate which thinking games are associated with which aspects of thinking, and vice versa. 
7. The student will consult Option F on the main menu if he wants to fmd out what are his favorite and what are 
his less favorite aspects of thinking. Another menu will be activated which will allow him to explore these. 
Preferences Per Aspect of Thinking 
Across 13 Thinking Styles 
1 Single Highest Preference 
2 No of Preference Categories 
3 Su111 of Preferences 
4 Host & Less Favourite Aspects 
5 Return to P1•ev ious Level 
Option 1 lists his single highest preferences per aspect of thinking, option 2 the number of active preference 
categories per aspect (for example, he may have 1 high preference allocation and 2 high middle preference 
allocations for the aspect "concepts"), and option 3 the numerical sum of his preferences per aspect. Remember 
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that there are specific numerical values associated with the fuzzy preference values. See section 3.1.3 . Option 4 
displays his resulting most and less favorite aspects of thinking. 
8. Options G and H on the main menu provide the student with recommendations regarding which thinking tools 
to activate in option K in order to develop his favorite and less favorite aspects of thinking. These 
recommendations are based on the information extracted and provided in options A to F. 
9. Options I and J on the main menu provide the student with recommendations regarding which thinking games 
to activate in option K in order to develop his favorite and less favorite aspects of thinking. These 
recommendations are based on the information extracted and provided in options A to F. 
10. The tools and games recommended in options G, H, I and J on the main menu will assist the student in 
developing his favorite and less favorite aspects of thinking. The student will simultaneously improve his 
thinking style flexibility, his thinking skills and his knowledge oflinear programming. 
11 . In Option K on the main menu the user can select either thinking games or thinking tools and apply it to the LP 
curriculum. He can select tools and games of his choice, but he is recommended, if he wants to develop either 
his strong or his weak points, to follow the recommendations provided in options G, H, I and J. The following 
menu allows him to activate thinking games of his choice, and apply it to the LP curriculum (the rules of the 
game are spelled out in the context of the curriculum and the LP concept cards are listed): 
Thinking & Teaching Games / Aspect of 
Thinking Applied to LP - Descriptions 
A Explo1•e Aspects of Thinking 
B LP "Recognition" Games 
C LP "Concepts" Games 
D LP "Possibilities" Games 
E LP "Judgement" Games 
F LP "Alternatives" Games 
G LP "Comparison & Choice" Games 
H LP "Analysis" Games 
I LP "Perception" Games 
J LP "Ualues and Feelings" Games 
H LP "Design" Games 
L LP "Pl•oblem-Solving" Games 
M LP General Thinking Games 
H LP Concept Cards 
0 Retu1•n to Previous Level 
12. The following menu allows him to activate thinking tools of his choice, and apply them to scenarios from the 
LP curriculum (those listed in appendix 14): 
Applications of De Bono's Thinking 
Tools to the LP Curriculum 
1 Hiosk Info on Thinking Tools 
2 General Thinking Tools 
3 Other People Thinking Tools 
4 Decisions Thinking Tools 
5 Think & Do Thinking Tools 
6 Deliberate Thinking Tools 
? Return to Previous Level 
13 . The thinking games are part of the LP tutor's range of presentation elements and are used to present the learning 
material to the student. They are therefore under control of the motivational-based planner. 
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14. The thinking tools are meant to be used within an "environment for the gifted" to enrich a student's 
understanding of linear programming and to further develop his thinking skills and his thinking styles. 
5.2. Energetic Theory of Mind Styles 
5.2.1. Matching the Student's Preferred Thinking Style with the Most Appropriate Thinking Games and -
Tools 
Gregorc's energetic theory of mind styles was introduced in section 2.3 .2 and his thinking style inventory that 
classifies people into four groups of thinkers, are described in section 5 of appendix 12. According to his theory, 
somebody is one of the following four types of thinkers: Concrete sequential, abstract sequential, abstract random or 
abstract sequential. Typical characteristics of each are provided in section 5 of appendix 12. My implementation of 
his model and inventory was fuzzified in a way similar to Neethling's brain profile test was fuzzified in the previous 
chapter. This fuzzification of his model is summarized in section 6 of appendix 12. The fuzzified model assigns 
preferences to each of these four classifications of thinkers according to the degree to which the student's profile fits 
the characteristics of each of these combinations of styles. A student can, for example, therefore be described as 
having a high preference for the concrete sequential, an average preference for the abstract sequential and a low 
preference for the abstract random and the sequential random. By mapping these preferences onto the aspects of 
thinking which are associated with each, it is possible to predict which thinking games and -tools the student will 
most likely prefer. This concept forms the basis of a procedure that can be used to individualize the presentation of 
thinking games and -tools within my conceptual framework. 
A thorough study of section 2.3 .2 and section 5 of appendix 12 and the definitions of the various aspect of thinking 
(section 4.2.7) was undertaken. Special attention was paid to the different characteristics of each group of thinkers . 
This exercise enabled us to identify relationships between each of the four groups of thinkers, and the 11 aspects of 
thinking that were already previously identified. 





Judgement, comparison & choice, problem-solving. 
Concepts, judgement, alternatives, comparison & choice, analysis, problem-solving. 
Alternatives, perception, values & feelings, concepts. 
Possibilities, recognition, design, problem-solving, alternatives. 
The thinking games and -tools associated with each aspect are now also automatically associated with the group of 
thinkers it is associated with. 
The following procedure was consequently developed to match a student's preferred thinking style with the most 
appropriate thinking games and -tools: 
a) Obtain a description of the student's preferred thinking style by administering a simplified version of Gregorc's 
Thinking Style Inventory .. 
b) Administer a fuzzy expert system for Gregorc's Thinking Style Inventory and obtain a fuzzy description of the 
student's preferences for the various combinations of styles (groups of thinkers) . 
c) Map the classifications obtained in (2) on corresponding thinking style preferences. Then map the associated 
preferences/priorities onto the various aspects of thinking and then onto the corresponding set of thinking games 
and -tools. The games are listed in appendix 13 and the tools in appendix 14. 
d) If the purpose of the thinking games I tools is to individualize instruction, then present the thinking gan1es I tools 
with the highest priorities to the student. 
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e) If the purpose of the thinking games I tools is to develop a student's less favored aspects of thinking, then present 
the thinking games I tools with the lowest priorities to the student. 
f) If the purpose of the thinking games is purely to develop general thinking skills, then any of the thinking games I 
tools can be recommended. 
The procedure is illustrated in the next section. 
5.2.2. An Illustration of the Procedure 
a. Description of the Student's Preferred Thinking Style 
The approximate thinking style profile of a hypothetical student, according to the standard version of Gregorc's 
Thinking Style Inventory, is: 





Abstract Random and Concrete Random. 
b. A Fuzzy Interpretation of the Student's Thinking Style Profile 
Suppose that there is quite a difference (QBIT) between the student's scores for the Abstract Sequential and the 
Concrete Sequential , but only a small or little (LIT) difference between his scores for the Concrete Sequential and 
the other two, namely the Abstract Random and the Concrete Random. The fuzzy expert system for Gregorc's 
Thinking Style Inventory therefore concludes that the student will have a high preference for the elements associated 
with the Abstract Sequential and average preferences for the elements associated with the secondary and tertiary 
groups, namely the Concrete Sequential, the Abstract Random and the Concrete Random. 
c. Mapping of Preferences onto Aspects of Thinking and onto Corresponding Thinking Games I Tools 
High preferences are associated with the following aspects of thinking: Concepts, judgement, alternatives, 
comparison and choice, analysis and problem-solving. Average preferences are associated with the following 
aspects of thinking: Recognition, possibilities, perception, values and feelings and design. 
d. Thinking Games I Tools to Individualize Instruction 
A selection of thinking games associated with the aspects of thinking with the highest preferences are recommended. 
They are the Concept Snap-, Memory Judgement-, Logical Sequence-, Sequence Collecting-, Analyzing 
Achievement- and Potential Problems Thinking and Teaching games. 
Thinking tools which could be recommended include AGO, the Simple Matrix Method, APC, ADI, FIP and 
TOILOPOSOIGO . . 
e. Thinking Games I Tools to Develop the Less Favored Aspects of Thinking 
A selection of thinking games associated with the aspects of thinking with the lowest preferences (in this case 
average preferences) are recommended. They are the Recognize from a Description-, Discovery-, Change 
Perception-, Constructive Values- and Design a Cross Thinking and Teaching games. 
Thinking tools which could be recommended include C & S, CAF, OPV, EBS and TOILOPOSOIGO. 
f. Thinking Games I Tools to Develop General Thinking Skills 
The student may select any of the thinking games I tools, because here the goal is just to develop various aspects of 
thinking, preferred and less preferred. 
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Comments 
Most of the thinking tools have more than one aspect associated with it (see appendix 14). Compare this with the 
thinking games which are neatly categorized under a specific aspect of thinking (appendix 13). As a result there will 
almost always be an overlap between the thinking tools that are recommended to individualize and those that will be 
recommended to address the student's less favored aspects of thinking. Compare (d) and (e) above. 
When the same aspect of thinking is assigned two different preferences I ratings (because of its association with 
elements with different preferences. I ratings), the highest one should be used. This could possible happen in (c) 
above. 
6. Other Style Based Approaches to Individualize the Teaching of Thinking 
The learning style models of the previous two chapters can be adapted to also individualize the presentation of the 
thinking games and -tools. It is shown in the next two sections how two of them, a modified version of Felder & 
Silverman's model and a modified version ofNeethling's approach, can be adapted to take on this function 
6.1. A Modified Version of Felder and Silverman's Model 
6.1.1. Matching the Student's Preferred Learning Style with the Most Appropriate Thinking Games and -
Tools 
The reader will remember that I used various learning style inventories in my first attempt to implement Felder and 
Silverman's model of teaching and learning. These included Kolb's LSI and a MBTI test. These two inventories will 
now again be used to determine which aspects of thinking are preferred by the student. 
Kolb's LSI (Kolb & Rubin & Mcintyre, 1984) classifies somebody as either an assimilator, a converger, an 
accommodator or a diverger. By mapping these classifications and their corresponding preferences onto the various 
aspects of thinking, it will be possible to predict which thinking games and -tools will be preferred by the student 
(because the games and tools are associated with specific aspects of thinking; section 4.2.7).The judgement and 
perception aspects of thinking are, however, not adequately covered by Kolb's LSI. The judgement-perception 
dimension of a MBTI test (Benfari & Knox, 1991) will therefore also be used. It will help us to distinguish between 
preferences for judgmental and perception related aspects of thinking, and consequently also to determine the 
student's preferences for thinking games and tools associated with these two aspects of thinking. The procedure that 
results from all these mapping is able to either focus the presentation of the teaching games and -tools on the 
strengths of the student and further individualizes the tutoring in the process, or to use it to develop the student's less 
preferred aspects of thinking. 
Before formulating this procedure, it is necessary to determine which aspects of thinking are preferred by the student. 
It is done by analyzing the characteristics of assimilators, convergers, divergers, accommodators, and the judgement 
and perception dimensions of a MBTI test. 
Assimilators are interested in comprehension and creation of new ideas, theoretical models and concepts, rather than 
its practical value. They carefully observe different ideas from different perspectives before giving an opinion, they 
rely on their own thoughts to form an opinion, and put a high premium on patience, impartiality, and well-thought-
out judgement. They focus primarily on ideas and concepts, rather than people, follow a logical structured pattern of 
thought, are goal-oriented, thorough and precise, and learn by thinking, watching and listening. They will most 
probably favor thinking games and -tools that are based on the aspects of concepts, possibilities, judgement and 
perception. 
Convergers focus on analyzing, decision-making, and problem solving in practical applications of theoretical ideas. 
They put a high premium on quality, pay attention to problems of a technical rather than emotional or interpersonal 
nature, and are goal-oriented, they plan systematically and manage time well. They follow instructions with care and 
accuracy, they want to know how something works , they are skills-oriented, are not tolerant of insignificances, and 
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learn by thinking and doing. Convergers will most probably prefer thinking games and -tools that are based on the 
aspects of comparison and choice, analysis and problem-solving. 
Accommodators are pragmatists who attaches value to getting things done and seeing results. They search for new 
opportunities and get involved in new experiences, put a high premium on that which works instead of that which is 
true, and like having an impact on the environment by being active. They are enthusiastic and adaptable, and are 
prepared to take risks. They utilize others' knowledge and learns from feeling and by doing. They will therefore 
most probably prefer thinking games and -tools that are based on the aspects of comparison and choice, problem-
solving, possibilities and values and feelings. 
Divergers are very imaginative and rely on feelings . They are able to organize experience and different perspectives 
to an integral whole, they are successful in unstructured situations, they are innovative and good in generating 
alternatives. They manifest an open and free approach to life, are personally involved with and sensitive for others' 
emotions, feelings and behavior, and have a high level of involvement with people and culture. They learn from 
feeling, watching and listening. Divergers will most probably have a preference for thinking games and -tools that 
are based on the aspects of recognition, possibilities, alternatives, values and feelings, and design. 
People with a learning style that favors the judging dimension in a MBTI test will also most probably prefer thinking 
games and -tools that is based on the judgement aspect of thinking. In a similar way will people with a learning style 
that favors the perception dimension in a MBTI test also most probably prefer thinking games and -tools that is 
based on the perception aspect of thinking. 
The following procedure was consequently developed to match a student's preferred learning style with the most 
appropriate thinking games and -tools:. 
a) Obtain a description of the student by administering a fuzzy expert system for Kolb's LSI and a fuzzy expert 
system for the judgement-perception dimension of a MBTI test. 
b) Map the classifications obtained in ( 1) on corresponding learning style preferences. - Then map the associated 
preferences/priorities onto the various aspects of thinking and then onto the corresponding set of thinking games 
and -tools. The games are listed in appendix 13 and the tools in appendix 14. 
c) If the purpose of the thinking games I tools is to individualize instruction, then present the thinking games I tools 
with the highest priorities to the student. 
d) If the purpose of the thinking games I tools is to develop a student's less favored aspects of thinking, then present 
the thinking games I tools with the lowest priorities to the student. 
e) If the purpose of the thinking games is purely to develop general thinking skills, then any of the thinking games I 
tools can be recommended. 
The procedure is illustrated in the next section. 
6.1.2. An Illustration of the Procedure 
a. Description of the Student 
Suppose a hypothetical student can be described as a strong diverger {with high preferences for the corresponding 
learning elements); and as having a balanced preference for the perception dimension and a weak preference for the 
judging dimension of a MBTI test. He will therefore have an average preference for the learning elements that are 
associated with perception and a weak preference for the elements that are associated with judgement. 
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b. Mapping of Preferences onto Aspects of Thinking and onto Corresponding Thinking Games I Tools 
High preferences are associated with the following aspects of thinking: Recognition, possibilities, alternatives, values 
and feelings, and design. Average preferences are associated with the following aspect of thinking: Perception. Low 
preferences are associated with the following aspects of thinking: Judgement. No preferences are specified for the 
other aspects of thinking - assume they are low too. They are: Concepts, comparison and choice, analysis, and 
problem-solving. 
c. Thinking Games I Tools to Individualize Instruction 
The thinking games associated with the aspects of thinking with the highest preferences are recommended. They are 
the "thirty questions-", the "forty questions-" and "recognize from a description" thinking games; the "discovery-" 
and "sequence-" thinking games; "alternate stories-", "the four tiles-", "the logical sequence-" and "the number 
sequence alternatives-" thinking games; "quick values", "constructive values", "early choice" and "different values" ; 
and, "design a story", "design a game", "design a tourist attraction", "design a cross" and "functions" . 
Thinking tools which could be recommended include C & S, APC, What if..., EBS, OPV, HV & LV and 
TOILOPOSOIGO. 
d. Thinking Games I Tools to Develop the Less Favored Aspects of Thinking 
The thinking games associated with the aspects of thinking with the lowest preferences are recommended. They are 
"judged pairs", "memory judgement" and "frame of judgement" (those with the lowest priorities specified); "concept 
snap" and "broader concepts" thinking games; "the similarity-", "the difference-", "the adjacent", "the framework-" 
and "the sequence collecting" thinking games; "analyze the reason", "analyzing achievement" and "common parts"; 
and, "exact number", "problem solver", "potential problems" and "problem solving function". 
Thinking tools which could be recommended include FIP, PMI, What if... , AGO and TOILOPOSOIGO. 
e. Thinking Games I Tools to Develop General Thinking Skills 
The student may select any of the thinking games I tools, because here the goal is just to develop various aspects of 
thinking, preferred and less preferred. 
Comments 
Most of the thinking tools have more than one aspect associated with it (see appendix 14). Compare this with the 
thinking games which are neatly categorized under a specific aspect of thinking (appendix 13). As a result there will 
almost always be an overlap between the thinking tools that are recommended to individualize and those that will be 
recommended to address the student's less favored aspects of thinking. Compare (c) and (d) above. 
When the same aspect of thinking is assigned two different preferences I ratings (because of its association with 
elements with different preferences I ratings), the highest one should be used. This could potentially happen in (b) 
above. 
6.1.3. A Computerized Tool to Individualize the Teaching I Tutoring of Thinking 
A computerized tool was develop to facilitate the individualization of the teaching of thinking within the LP 
curriculum, both within the traditional classroom and within my tutoring environment. Consult appendix 15 to see 
where to get a copy of this tool and to read instructions on how to run it. 
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6.2. A Modified Model of Neethling's Approach 
6.2.1. Matching the Student's Preferred Learning Style with the Most Appropriate Thinking Games and -
Tools 
The reader will probably recall that the modified version ofNeethling's Brain Profile Test, that was developed in the 
previous two chapters, is used to determine which of a student's four brain quadrants is his dominant one, which one 
is his secondary quadrant and which ones are his tertiary quadrants. It also assigns a preference I rating to each of 
the quadrants Ll, L2, Rl and R2, depending on the degree to which the student prefers them. By mapping these 
preferences onto the aspects of thinking which are associated with each, it is possible to predict which thinking 
games and tools the student will most likely prefer. This concept forms the basis of a procedure that can be used to 
individualize the presentation of thinking games and -tools within my conceptual framework. 
A thorough study of section 7 of appendix 6 and the definitions of the various aspect of thinking (section 4.2.7) were 
undertaken. Special attention was paid to the different thought processes of the four brain quadrants, the typical 
characteristics of each, and the whole brain problem solving processes used by each. This exercise enabled us to 
identify relationships between each of Ll, L2, Rl and R2, and the 11 aspects of thinking that were already 
previously identified. 
These relationships, aspects associated with a quadrant, are summarized below: 
L 1: Analysis, comparison and choice, problem-solving and judgement. 
L2 : Concepts, judgement, comparison and choice, and problem-solving. 
R 1: Recognition, possibilities, alternatives, perception and design. 
R2: Alternatives, perception, and values and feelings. 
The thinking games and -tools associated with each aspect are now also automatically associated with the quadrant it 
is associated with. 
The following procedure was consequently developed to match a student's preferred learning style with the most 
appropriate thinking games and -tools: . 
a) Obtain a description of the student's preferred learning style by administering a simplified version ofNeethling's 
Brain Profile Instrument. 
b) Administer a fuzzy expert system for Neethling's Brain Profile Test and obtain a fuzzy description of the 
student's preferences for the various quadrants of the brain. 
c) Map the classifications obtained in (2) on corresponding learning style preferences. Then map the associated 
preferences/priorities onto the various aspects of thinking and then onto the corresponding set of thinking games 
and -tools. The games are listed in appendix 9 and the tools in appendix 10. 
d) If the purpose of the thinking games I tools is to individualize instruction, then present the thinking games I tools 
with the highest priorities to the student. 
e) If the purpose of the thinking games I tools is to develop a student's less favored aspects of thinking, then present 
the thinking games I tools with the lowest priorities to the student. 
f) Ifthe purpose of the thinking games is purely to develop general thinking skills, then any of the thinking games I 
tools can be recommended. 
The procedure is illustrated in the next section. 
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6.2.2. An Illustration of the Procedure 
a. Description of the Student's Preferred Learning Style 






Rl and R2. 
b. A Fuzzy Interpretation of the Student's Brain Profile 
Suppose that there is quite a difference (QBIT) between the student's scores for the Ll and L2 quadrants and a 
substantial difference (SUBS) between the L2, and Rl and R2 scores. The fuzzy expert system for Neethling's Brain 
Profile Test therefore concludes that the student will have a high preference for the elements associated with the 
dominant Ll quadrant, an average preference for the elements associated with the secondary L2 quadrant, and a low 
preference for the elements associated with the tertiary quadrants Rl and R2. 
c. Mapping of Preferences onto Aspects of Thinking and onto Corresponding Thinking Games I Tools 
High preferences are associated with the following aspects of thinking: Analysis, comparison and choice, problem-
solving and judgement. Average preferences are associated with the following aspects of thinking: Concepts, 
judgement, comparison and choice, and problem-solving. Low preferences are associated with the following aspects 
of thinking: Recognition, possibilities, alternatives, perception, design, and values and feelings. 
d. Thinking Games I Tools to Individualize Instruction 
The thinking games associated with the aspects of thinking with the highest preferences are recommended. They are 
"analyze the reason", "analyzing achievement", "common parts" ; the similarity-", "the difference-" , "the adjacent", 
"the framework-" , and "the sequence collecting" thinking games; "exact number", "problem solver", "potential 
problems", "problem solving function" ; "judged pairs", "memory judgement" and "frame of judgement". 
Thinking tools which could be recommended include PMI, Spell Out Method, FIP, Simple Matrix, PISCO, and the 
Easy Way Out method. 
e. Thinking Games I Tools to Develop the Less Favored Aspects of Thinking 
The thinking games associated with the aspects of thinking with the lowest preferences are recommended. They are 
the "thirty questions-", the "forty questions-" and "recognize from a description" thinking games; the "discovery-" 
and "sequence-" thinking games; "alternate stories-", "the four tiles-" , "the logical sequence-" and "the number 
sequence alternatives-" thinking games; "the perception-", "change perception-", and "number choice-" thinking 
games; "design a story", "design a game", "design a tourist attraction", "design a cross" and "functions" ; "quick 
values" , "constructive values", "early choice" and "different values" . 
Thinking tools which could be recommended include C & S, CAF. APC, EBS, OPV, PISCO and FGL. 
f. Thinking Games I Tools to Develop General Thinking Skills 
The student may select any of the thinking games I tools, because here the goal is just to develop various aspects of 
thinking, preferred and less preferred. 
Comments 
Most of the thinking tools have more than one aspect associated with it (see appendix 14). Compare this with the 
thinking games which are neatly categorized under a specific aspect of thinking (appendix 13). As a result there will 
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almost always be an overlap between the thinking tools that are recommended to individualize and those that will be 
recommended to address the student's less favored aspects of thinking. Compare (d) and (e) above. 
When the same aspect of thinking is assigned two different preferences I ratings (because of its association with 
elements with different preferences I ratings), the highest one should be used. See (c) above. 
6.2.3. A Computerized Tool to Individualize the Teaching I Tutoring of Thinking 
A computerized tool was develop to facilitate the individualization of the teaching of thinking within the LP 
curriculum, both within the traditional classroom and within my tutoring environment. Consult appendix 15 to see 
where to get a copy of this tool and to read instructions on how to run it. 
7. CATS BATTLE - A Computer Assisted Thinking Style Based Assistant for 
Thinking, Teaching and Learning Exploration 
A Computer Assisted Thinking Style Based Assistant for Thinking, Teaching and Learning Exploration (CATS 
BA TILE ) was developed. Its goal is to make information on thinking styles and access to the thinking style based 
approaches towards individualized tutoring and towards the individualized teaching of thinking available within a 
user-friendly, multimedia environment. EasyBook for Windows (see http:llwww.easyteach.com) was used as the 
authoring tool. 
CATS BATTLE provides kiosk information on thinking styles and explores its relation to teaching, thinking and 
learning. The following topics are included as hypertext links: 
• A formal definition of thinking styles; 
• Thinking styles within the context of research on styles; 
• Sternberg's theory of mental self-government; 
• Gregorc's energetic theory of mind styles; 
• 15 key principles of thinking styles; 
• Variables that influence the development of thinking styles (culture, gender, age, parenting styles, and schooling 
and occupation); 
• The relation between thinking styles of teachers and grade taught; 
• The relation between thinking styles of teachers and the age of teachers; 
• The relation between thinking styles of teachers and subject area taught; 
• The relation between thinking styles of teachers and type of subject; 
• The relation between thinking styles of teachers and ideology; 
• Thinking styles of students; 
• The relation of thinking styles of teachers and students; 
• The relation of thinking styles to abilities in predicting achievement; 
• Thinking styles and methods of instruction; 
• Thinking styles and method of assessment; and 
• Thinking styles and methods of assignment. 
All the topics covered in section 2 are included. 
It also hosts the two thinking style based assistants that individualize teaching I tutoring and the teaching of thinking 
(see sections 3.2 and 5.1.3 for demonstrations ofthese assistants in action). 
Consult appendix 15 to see where to get a copy of CATS BATTLE and to read instructions on how to run it. 
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8. Four Closing Questions 
8.1. What role can these thinking style based approaches play in improving the quality of 
teaching and learning? 
The quality of teaching, both within a traditional classroom setting and within computer -based tutorials, is influenced 
negatively by the fact that teachers I tutors tend to teach in ways which favor their own learning styles I those who 
designed the tutorial and not those of their students (Felder, 1993). The fact that most of them are totally unaware of 
this mismatch does not help either. Even those who suspect that this mismatch could be a reason for their students' 
poor performance, do not know how to fix this problem. 
This is exactly here where CATS BATTLE comes into the picture. It can be used very effectively to teach teachers 
how to teach (one of the essentials skills for the 21 st century). It can be distributed via the internet to thousands of 
teachers learning them to "teach around the cycle" and match their teaching and thinking styles with the thinking an 
learning styles of their students. Computer-based tutorials can also benefit by utilizing this thinking style based 
assistant to determine their tutoring strategies. The overall quality of teaching will improve as a result of this. 
This is especially true for science and engineering courses, as Felder (1993) points out. 
"The mismatches between the prevailing teaching style in most science courses and the learning styles of most of the 
students have several serious consequences. Students who experience them feel as though they are being addressed 
in an unfamiliar foreign language: they tend to get lower grades than students whose learning styles are better 
matched to the instructor's teaching style and are less likely to develop an interest in the course material. If the 
mismatches are extreme, the students are apt to lose interest in science altogether and be among the more than 
200,000 who switch to other fields each year after their first college science courses. Professors confronted by 
inattentive classes and poor student performance may become hostile toward the students (which aggravates the 
situation) or discouraged about their professional competence. Most seriously, society loses potentially excellent 
scientists. 
These problems could be minimized and the quality of science education significantly enhanced if instructors 
modified their teaching styles to accommodate the learning styles of all the students in their classes." 
CATS BATTLE should also make a positive contribution to combating the high attrition rates in science and 
engineering and should produce the same kind of results as was described in section 3 of Chapter 6 on the value of 
learning style based teaching. 
8.2. Why implement more than one model of thinking styles? What about all the other 
style based approaches presented earlier? Which model is the best? 
At this stage it would be very natural for the reader to ask "Why implement yet another model of teaching and 
learning?". The answer is very simple, and the same as in section 6.2 of chapter 6: By implementing more than one 
model of teaching and learning we are exploring more subjects and skills within CAMP FILE 2005's curriculum 
for the 21 st century. It also enables the tutor (human or computer) to use different strategies to adapt its tutoring to 
the student's learning style. Naturally, from a research and scientific perspective, is it also very valuable to 
investigate as many models as possible. 
Remember that CAMP FILE 2005 has as its purpose the inclusion of the following topics in its curriculum: 
• Learning how-to-learn and learning how-to-teach (addressed by the five assistants); 
• Learning how-to-think and how-to-be-creative (addressed by the De Bono Brain Gym); 
• Emotional education; 
• Personal growth; 
• Citizenship- and life skills; 
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• A content curriculum with integrated themes; and 
• Community development. 
By implementing CATS BATTLE the tutor (human or computer) not only gets another tool to adapt its tutoring to 
the needs and preferences of its students, but also gets a way of learning its students about thinking styles, thinking 
styles as learning styles (how-to-learn) and a whole number of thinking tools and thinking games (how-to-think)- all 
essential skills and knowledge for the 21 st century and an integral part of CAMP FILE 2005's curriculum. 
The answer to a related question "Why implement more than one model to individualize the teaching of thinking? " 
is very much the same. The fact that the learning style models of chapters 8 and 9 can be adapted to also (in addition 
to Sternberg's and Gregorc's) individualize the teaching of thinking, further demonstrates the versatility of these 
models. 
A third question that results from the first two, is "Which of these models are the best?" . First consider the models of 
teaching I tutoring and learning. The answer is very simple (and the same as in section 6.2 of chapter 6) and is 
provided by Felder (1996). Felder says that a learning style model is useful ifbalancing instruction on each of the 
model's dimensions meets the learning needs of essentially all students in a class. CATS BATTLE, as well as the 
five models that were chosen for the other seven teaching and learning assistants (see chapters 7 and 8), all satisfy 
this criterion. Which model an educator or computer tutor chooses, is, according to Felder (1996), almost 
immaterial, since the instructional approaches that teach "around the cycle" for each of the models are essentially the 
same. Felder expands: "Whether educators are designing a course or curriculum, writing a textbook, developing 
instructional software, forming cooperative learning teams, or helping students develop interpersonal, leadership, 
and communication skills, they will benefit from using any of these models as the basis of their efforts." . 
The answer to this same question regarding the various models that are capable to individualize the teaching of 
thinking, is probably very much the same. The author would, however, favor Sternberg's approach, probably 
because of the amount of scientific evidence that supports it (reported in earlier sections of this chapter). 
8.3. How does this chapter support the main goals and objectives of this study? 
This chapter introduced the reader to the thinking style concept and a number of thinking style inventories, it 
provided a thinking style based approach to the individualization of teaching I tutoring and learning and to the 
teaching of thinking, and it stressed the importance and value of a thinking style based approach. By showing how 
thinking I learning style and teaching and learning models can be incorporated into teaching systems it addressed 
goal 1 of section 1.2. 
CATS BA TILE is, as was already mentioned, usable both within traditional classroom settings and within 
computer-based tutorials. Within both these environments it could be utilized to teach students about learning styles, 
on how-to-learn and on how-to-think, and within traditional settings it can also be used to teach teachers how-to-
teach, to "teach around the cycle, and to accommodate the learning style preferences of all its students. Within 
computer-based tutors CATS BATTLE can provide the tutor with advice on which tutoring strategy to follow in 
order to individualize a student's instruction and to accommodate his learning I thinking style preferences (compare 
goals 2 and 4 of section 1.2). 
A number of thinking style inventories were computerized and incorporated within CAMP FILE 2005 and a 
hypermedia teaching and learning assistant, CATS BATTLE, were developed. These developments, address goal 3 
of section 1.2., namely "to develop computerized modules that demonstrate the most important techniques discussed 
and developed in this document" . 
Section 8.1 attempted to describe how goal 5 of section 1.2 "To provide novel ways on how to use technology to 
improve the quality of engineering- and more specifically LP education" is addressed. 
The incorporation of fuzzy expert- and fuzzy decision making systems within the various modules of CATS 
BATTLE ensures that goal 6 of section 1.2 is addressed. 
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8.4. What does CATS BATTLE contribute to research in computer-based education? How 
does it add value? 
CATS BA TILE is the only system I know of which uses a thinking style model as the basis of individualization 
within an intelligent tutoring environment. It is also the only system I know of which tries to incorporate how-to-
think skills in a LP curriculum, which uses De Bono's thinking tools and -games to simultaneously learn the student 
about the curriculum (LP) and about thinking, and which uses a model of thinking styles to individualize the process. 
This teaching of thinking within a thinking style based tutoring environment is definitely a novelty. This study is 
also unique in the sense that the tutor can use both the learning style models of chapters 6, 7, and 8 and the thinking 
style models of this chapter to individualize the tutoring of LP and the teaching of thinking. 
CATS BATTLE further adds value in the following significant ways: 
• It forms part of a comprehensive effort by the author to incorporate learning and thinking styles and models of 
teaching, learning and thinking into computer-based tutoring environments. 
• The usage of fuzzy logic to optimize the strategies is novel and extremely practical. 
• The thinking style based approach towards individualized tutoring presented in this chapter fits the general 
learning style based approach towards individualized tutoring that was sketched in chapter 8. It therefore re-
emphasizes the value of that general approach. 
• The design and implementation of CATS BA TILE so that it can be usable both within the traditional classroom 
and within intelligent tutoring environments definitely add value. 
• The versatility of CATS BA TILE and the fact that it is transferable to other domains contribute significantly to 
this chapter's success. 
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Chapter 10 
A Fuzzy Logic Based Student Modeler and An AI Based Self-
Improving Tutor 
1. Introduction 
One of this research project's major objectives is to design a practical and effective student model that can be 
transferred to other systems and domains. It is the aim of section 2 to complete the description of this model -
a description that was already started in the previous four chapters. This description include the introduction of 
an assessment matrix. This matrix is used to monitor the student's progress through the learning material, to 
keep a record of both recommended tutoring strategies and strategies actually used and chosen by the student, to 
determine the student's level of expertise, to diagnose possible problem areas, to launch remediative actions and 
to intelligently identify the most successful strategies. 
One of the other main goals of this study was to investigate techniques from artificial intelligence and how they 
can be used within my conceptual framework and improve it. Section 2 is therefore also used to provide an 
overview of how fuzzy logic can be used in student modeling, that is apart from adapting the tutoring according 
to the student's learning style preferences (as was described in the previous three chapters). It is demonstrated 
how a fuzzy model of the student's expertise level can be incorporated within my conceptual framework and 
how it can be used to improve the performance and functionalities of the tutoring environment. 
The various fuzzy models of teaching/tutoring and learning of the previous three chapters may , in some cases, 
fail to produce a tutoring strategy that exactly matches a student's real preferred strategy. It can therefore 
happen that the student selects a set of presentation elements that does not exactly match the strategy proposed 
by the models of teaching/tutoring and learning. This mismatch between the recommended tutoring strategy of 
a student and the student's actual preferences can be addressed by the incorporation of self-improving 
mechanisms. Section 3 introduces the reader to self-improving systems, section 4 investigates how a machine 
learning algorithm (induction) can be used to address this shortcoming, and section 5 explains how neural 
networks can also be used help to solve this problem. These self-improving procedures actually act as error-
correction procedures. They may improve both the accuracy and the effectiveness of the tutoring system. 
Section 6 evaluates the two proposed self-improving mechanisms, makes a recommendation regarding which of 
induction or neural networks is best and summarizes the usefulness of these self-improving mechanisms within 
my conceptual framework. 
Section 7 identifies which goals of this study are addressed by this chapter and explains how they are supported. 
Section 8 summarizes this chapter's contribution to knowledge and research in intelligent, computer based 
tutoring environments. 
2. A Fuzzy Logic Based Student Modeler 
2.1. Fuzzy Logic in Student Modeling 
Due to space limitations and because of the danger of losing the focus of the chapter, I will not try to provide a 
complete overview of the usage of fuzzy technology in student modeling procedures. I will rather concentrate 
on a few studies reckoned to be of importance by Beverly Woolf and Chris Elliot (1998) and make a few 
comments on how these studies influenced the development of student modeling within my conceptual 
framework. A few references to other sources will, however, also be made. These studies do, however, 
demonstrate the wide variety of applications of fuzzy logic within student modeling systems. 
Gisolfi et al ( 1992) addresses the problem of evaluating the student's knowledge state by introducing a suitable 
fuzzy measure. This fuzzy measure is used in a heuristic to deal with the student's current learning level as 
regards a specific topic and is used by the teaching module to improve its tutoring strategies. 
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Each concept gets associated with a fuzzy weight. This weight is dynamically managed and suitably modified 
according to the student's behavior. Gisolfi et al (1992) explain how these weights are adapted: 
"When the student answers a specific question asked by the system, the expert module should be able to classify 
the answers beyond the mere partition right-wrong. More precisely we suppose that the inference engine 
supplies a m-ple where each element is associated with one of the concepts or procedures involved in the 
exercise. Each element rates the student's answer in terms of the associated concepts or procedures. Thus, we 
assume that there are n possible answers associated with each question and among these, i answers are to be 
considered as right to some extent (0 < i <= n) and j answers as wrong (j = i - n). The expert module associates 
with each right answer an integer k whose maximum value is i, and with each wrong answer an integer k whose 
minimum value is j. We want that, after each question, the fuzzy weight is increased or decreased according to 
the correctness or incorrectness of the student's answer." 
They continue to describe how this fuzzy measure is dynamically adapted and used in their tutoring 
environment. I will also use a fuzzy measure to describe the student's current learning level as regards a specific 
topic, but will use the approach proposed by Chin in Jameson (1995). Chin's approach will be explained in the 
next section, and applied to my framework. 
Boyd & Mitchell (1992) argue from cybernetic theory, and on the basis of empirical attribute-treatment results, 
that the student model must be a dynamic multi-level and multi-personae model that also incorporate in fuzzy 
form the student's model of the teacher. Examples of these fuzzy if-then rules are: 
"If the tutor "knows" that the student believes the tutor is too wise, this error can be dispelled by bald statement, 
or probably by spontaneous inconsistent, or incomplete output, or by incorrect diagnosis of student bugs." 
And 
"If the student thinks the tutor is rather dumb then some nice diagnosis or problem-solving should be exhibited 
by the system to the student. " 
My conceptual framework will not make provision for this level of sophistication, but it is worth considering in 
future research projects. This study underlines again the wide variety of approaches that have already been 
taken in student modeling- this time the student's model of the tutor determines the tutor's future actions! 
Hawkes and Derry (1996) describe advances in local student modeling using informal fuzzy reasoning. Their 
local modeling approach identifies and judges student solutions to complex problems by means of an imprecise 
pattern-matching algorithm. The matching is done to a fuzzy degree, that is, each solution step need only match 
the tutoring system's solution step to a predetermined, but adjustable, degree. Their approach therefore match 
student solutions to acceptable solutions based on imprecision or fuzziness - exact matches to stored problems 
are therefore not required. Because their approach was developed within the domain of mathematics, it may 
have value for my approach. At this stage it is, however, not incorporated and students are expected to provide 
exactly the correct answer. For example, the student's calculation of the optimal solution to the simplex 
algorithm should exactly match the system's solution. Future implementations may include this approach if it 
will improve the effectiveness of the system. 
Loftin and Savely( 1991) say that fuzzy technology has been recognized as an elegant approach to the 
representation of human decision making (decisions by tutors, for example) and that fuzzy algorithms may also 
provide a superior method to represent certain student "mental states". Rather than using absolute 
representations like, "the student has I has not mastered a procedure or concept", in student models, a more 
realistic assessment of student performance may be achieved by the use of fuzzy measures: "the student has 
mastered the procedure or concept to a very large I large/ average I low I very low degree". Loftin and Savely 
( 1991) continue by stressing that in addition to this fuzzy modeling of students, trainer decision making may 
also be effectively modeled using a fuzzy approach. Fuzzy technology may therefore provide added realism to 
the way in which a tutoring system deals with an individual student. These observations by Loftin and Savely 
( 1991) supports my usage of fuzzy technology to model the student's learning style with the aid of fuzzy models 
of teaching I tutoring and learning, and also the usage of a fuzzy model of the student's expertise level that will 
be described in the section immediately hereafter. 
What can we learn from this? Fuzzy logic holds tremendous potential to improve student modeling, it has a 
wide variety of applications within the student modeling domain, and careful consideration should be taken in 
Stellenbosch University  https://scholar.sun.ac.za
287 
deciding for which purpose one wants to use it. In the next section I shall explain how I have used fuzzy 
technology to model the student's expertise level - from the above studies it is clear that there is a need for such 
a modeling exercise. 
2.2. A Fuzzy Model of a Student's Expertise Level 
2.2.1. Introducing a Fuzzy Model of a Student's Expertise Level 
My system uses a fuzzy model to continually update its estimate of the student's expertise in linear 
programming, It is done on the basis of evidence that particular concepts are known or not known. It is based 
on a fuzzy treatment that was worked out in the mid-1980's by Chin for KNOME, the user modeling component 
ofthe "Unix Consultant" (Jameson, 1995). 
It represents likelihoods and likelihood changes in terms of a linguistic variable with 9 discrete values. It is 
illustrated in figure 1 0.1. below: 
Very Somewhat Somewhat Very 
False Unlikely Unlikely Unlikely Uncertain Likely Likely Likely True 
-4 -3 -2 -1 0 1 2 3 4 
Impos- Much More Somewhat Equally Somewhat More Much Certain 
sible More Unlikely More Likely More Likely More 
Unlikely Unlikely Likely Likely 
Figure 10.1: A Scale of Likelihoods and Likelihood Changes 
Four levels of user expertise are distinguished, namely Expert, Intermediate, Beginner and Novice. Basically 
three levels of difficulty for concepts are used, namely Simple, Mundane and Complex. For completeness sake, 
and to reflect the original model. correctly, a fourth is also included in the explanations, namely Esoteric. It does 
not really represent a difficulty level in that knowledge of these concepts is by definition hard to predict on the 
basis of the user's expertise. These four levels of expertise and difficulty are used to construct the following 16 
fuzzy if-then prediction rules: 
P 1. If the user is an Expert and the concept is Simple, 
then it is True that the user knows the concept. 
P2. If the user is an Expert and the concept is Mundane, 
then it is True that the user knows the concept. 
P3 . If the user is an Expert and the concept is Complex, 
then it is Likely that the user knows the concept. 
P4. If the user is an Expert and the concept is Esoteric, 
then it is Uncertain whether the user knows the concept. 
P5. If the user is an Intermediate and the concept is Simple, 
then it is True that the user knows the concept. 
P6. Ifthe user is an Intermediate and the concept is Mundane, 
then it is Likely that the user knows the concept. 
P7. If the user is an Intermediate and the concept is Complex, 
then it is Unlikely that the user knows the concept. 
P8. If the user is an Intermediate and the concept is Esoteric, 
then it is Uncertain whether the user knows the concept. 
P9. If the user is a Beginner and the concept is Simple, 
then it is Likely that the user knows the concept. 
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PlO. Ifthe user is a Beginner and the concept is Mundane, 
then it is Unlikely that the user knows the concept. 
P 11 . If the user is a Beginner and the concept is Complex, 
then it is False that the user knows the concept. 
P12. If the user is a Beginner and the concept is Esoteric, 
then it is Uncertain whether the user knows the concept. 
Pl3. If the user is a Novice and the concept is Simple, 
then it is Unlikely that the user knows the concept. 
P 14. Ifthe user is a Novice· and the concept is Mundane, 
then it is False that the user knows the concept. 
Pl5. Ifthe user is a Novice and the concept is Complex, 
then it is False that the user knows the concept. 
P16. Ifthe user is a Novice and the concept is Esoteric, 
then it is False that the user knows the concept. 
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Because the system is at most times uncertain about the user's expertise level, it associates with each level some 
value of the linguistic likelihood variable. As an example, it associates the following values for the student 









2.2.2. Predicting a Student's Knowledge Level 
To predict whether a student knows a given concept is straightforward for the system if it has definite beliefs 
about both the student's expertise level and the concept's difficulty: One of the prediction rules listed above is 
applied. If, on the other hand, the system still has an indefinite belief about the user (like in the example 
described in the previous paragraph), the system bases its prediction on the level with the highest likelihood; 
Beginner in the example above. It does not take into account the likelihoods associated with the other levels. 
KNOME's method could be extended to also include those. This could be achieved by the introduction of 
explicit membership functions for the various fuzzy concepts involved, as well as a more complex mechanism 
for applying the fuzzy rules. 
2.2.3. Diagnostic Inference 
KNOME uses two further sets of fuzzy rules to interpret observations concerning concepts that the user knows 
or does not know. The terms Impossible, Much More Unlikely, More Unlikely, Somewhat More Unlikely, 
Equally Likely, Somewhat More Likely, More Likely, Much More Likely and Certain in the conclusion part of 
these rules (then-part) refer to likelihood changes relative to the currently assumed likelihoods of the student 
being an Expert, Intermediate, Beginner or Novice. The current likelihood change are to be combined 
additively according to the scale in Figure I 0.1. 
The 16 fuzzy rules for updating the system's belief about the user's knowledge level for an observation 
confirming the presence ·of knowledge are: 
D 1.1. If the concept is Simple and the user knows the concept 
then it now seems More Likely that the user is an Expert. 
Dl.2. If the concept is Mundane and the user knows the concept 
then it now seems More Likely that the user is an Expert. 
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D1.3 . If the concept is Complex and the user knows the concept 
then it now seems Somewhat More Likely that the user is an Expert. 
D 1.4. If the concept is Esoteric and the user knows the concept 
then it now seems Equally Likely that the user is an Expert. 
D 1.5. If the concept is Simple and the user knows the concept 
then it now seems More Likely that the user is an Intermediate. 
D 1.6. If the concept is Mundane and the user knows the concept 
then it now seems Somewhat More Likely that the user is an Intermediate. 
D1.7. If the concept is Complex and the user knows the concept 
then it now seems Somewhat More Unlikely that the user is an Intermediate. 
D1.8. If the concept is Esoteric and the user knows the concept 
then it now seems Equally Likely that the user is an Interm~diate . 
D1.9. If the concept is Simple and the user knows the concept 
then it now seems Somewhat More Likely that the user is a Beginner. 
Dl.10. If the concept is Mundane and the user knows the concept 
then it now seems Somewhat More Unlikely that the user is a Beginner. 
D 1.11. If the concept is Complex and the user knows the concept 
then it now seems Impossible that the user is a Beginner. 
Dl.12. Ifthe concept is Esoteri~ and the user knows the concept 
then it now seems Equally Likely that the user is a Beginner. 
Dl.13. If the concept is Simple and the user knows the concept 
then it now seems Somewhat More Unlikely that the user is a Beginner. 
D 1.14. If the concept is Mundane and the user knows the concept 
then it now seems Impossible that the user is a Beginner. 
D 1.15. If the concept is Complex and the user knows the concept 
then it now seems Impossible that the user is a Beginner. 
D 1.16. If the concept is Esoteric and the user knows the concept 
then it now seems Impossible that the user is a Beginner. 
The 16 fuzzy rules for updating the system's belief about the user's knowledge level for an observation 
confirming the lack of knowledge, are: 
D2.1. If the concept is Simple and the user does not know the concept 
then it now seems Impossible that the user is an Expert. 
D2.2. If the concept is Mundane and the user does not know the concept 
then it now seems Impossible that the user is an Expert. 
D2.3 . If the concept is ·complex and the user does not know the concept 
then it now seems Somewhat More Unlikely that the user is an Expert. 
D2.4. If the concept is Esoteric and the user does not know the concept 
then it now seems Equally Likely that the user is an Expert. 
D2.5. If the concept is Simple and the user does not know the concept 
then it now seems Impossible that the user is an Intermediate. 
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D2.6. If the concept is Mundane and the user does not know the concept 
then it now seems Somewhat More Unlikely that the user is an Intermediate. 
D2.7. If the concept is Complex and the user does not know the concept 
then it now seems Somewhat More Likely that the user is an Intermediate. 
D2.8. If the concept is Esoteric and the user does not know the concept 
then it now seems Equally Likely that the user is an Intermediate. 
D2.9. If the concept is Simple and the user does not know the concept 
then it now seems Somewhat More Unlikely that the user is a Beginner. 
D2.1 0. If the concept is Mundane and the user does not know the concept 
then it now seems Somewhat More Likely that the user is a Beginner. 
D2.11 . If the concept is Complex and the user does not know the concept 
then it now seems More Likely that the user is a Beginner. 
D2.12. If the concept is Esoteric and the user does not know the concept 
then it now seems Equally Likely that the user is a Beginner. 
D2.13. If the concept is Simple and the user does not know the concept 
then it now seems Somewhat More Likely that the user is a Begirmer. 
D2.14. If the concept is Mundane and the user does not know the concept 
then it now seems More Likely that the user is a Beginner. 
D2.15 . If the concept is Complex and the user does not know the concept 
then it now seems More Likely that the user is a Beginner. 
D2.16. If the concept is Esoteric and the user does not know the concept 
then it now seems Somewhat More Likely that the user is a Beginner. 
2.2.4. Illustrating the Diagnostic Inference 
290 
As mentioned above, the current likelihood and the likelihood change are to be combined additively according 
to the scale shown in Figure 1 0 .1. 
Study figure I 0.2 below. 
Suppose the system initially considers it to be: 
Uncertain (0) whether the student is an Expert; 
Uncertain (0) whether the student is an Intermediate; 
Somewhat Likely (1) that the student is a Beginner; and 
Uncertain (0) whether the student is a Novice. 
After observing knowledge of a Mundane concept, the classifications change as follows (according to rules 
Dl.2, Dl.6, Dl.lO and D1.14): 
The Uncertain (0) classification of the student (on the Likelihood scale) being an Expert becomes More 
Likely (+2 on the Likelihood Change scale) changing this belief to Likely (0+2=2 on the Likelihood scale). 
The Uncertain (0) classification of the student (on the Likelihood scale) being an Intermediate becomes 
Somewhat More Likely ( + l on the Likelihood Change scale) changing this belief to Somewhat Likely 
(0+ 1 = 1 on the Likelihood scale). 
The Somewhat Likely (I) classification of the student (on the Likelihood scale) being a Beginner becomes 
Somewhat More Unlikely ( -1 on the Likelihood Change scale) changing this belief to Uncertain ( 1- 1 =0 on 
the Likelihood scale). 
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The Uncertain (0) classification of the student (on the Likelihood scale) being a Novice becomes Impossible 
(-4 on the Likelihood Change scale) changing this belief to False (0-4=-4 on the Likelihood scale). 
Then, after observing the lack of knowledge of a Complex concept, the. classifications change as follows 
(according to rules D2 .3, D2.7, D2.ll and D2.15): 
The Likely (+2) classification of the student (on the Likelihood scale) being an Expert becomes Somewhat 
More Unlikely (-1 on the Likelihood Change scale) changing this belief to Somewhat Likely (+2-l=I on the 
Likelihood scale). 
The Somewhat Likely (+I) classification of the student (on the Likelihood scale) being an Intermediate 
becomes Somewhat More Likely (+I on the Likelihood Change scale) changing this belief to Likely 
(+1+1=2 on the Likelihood scale). 
The Uncertain (0) classification of the student (on the Likelihood scale) being a Beginner becomes More 
Likely (+2 on the Likelihood Change scale) changing this belief to Likely (0+2=2 on the Likelihood scale). 
The False ( -4) classification of the student (on the Likelihood scale) being a Novice becomes More Likely 
(+2 on the Likelihood Change scale) changing this belief to Unlikely( -4+2=-2 on the Likelihood scale). 
After another two observations confirming the student's knowledge of specific Mundane concepts, the 
likelihood that our student is an Intermediate becomes True. The model's rules now specifies that because one 
of the likelihoods has reached its maximum value, the hypothesis in question must be accepted and the 
likelihood False must be assigned to the other three hypotheses. 
Initial beliefs before any observations: 
Expertise Level Likelihood 
Expert Uncertain 
Intermediate Uncertain 
Beginner Somewhat Likely 
Novice Uncertain 









Somewhat More Likely 















Somewhat More Unlikely 
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Somewhat More Likely 
















Somewhat More Likely 







Figure 10.2: Updating of an Assessment of Student Expertise 
2.2.5. Comments 
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A drawback of this method is the fact that once a hypothesis has been accepted no subsequent observations can 
change the system's belief. All the other hypotheses are consequently assigned the likelihood false . It does not, 
however, change the usefulness of this approach. In fact, the naturalness of its concepts and rules may be the 
reason why this method is one o:fthe most widely cited and reproduced proposals in the user modeling literature. 
The fuzzy rules used in this approach are easy for both users and system designers to understand. These vague 
concepts correspond to the way people naturally talk and think about things like likelihoods, user categories and 
concept difficulties. 
2.2.6. An Application of This Fuzzy Model within My Tutoring Environment 
The following procedure was consequently designed to apply this model within my environment: 
1. Identify the modules (main topics) of the LP curriculum. 
2. Identify concepts within each of these modules. 
3. Assign a difficulty level to each module. 
4. Assign a difficulty level to each concept. 











6. Conduct tutoring of the different modules and concepts within these modules. 
7. Conduct a Computerized Adaptive Test for each concept, and determine whether the student is a 
master or a nonmaster of that specific concept. Mastery implies Presence of Knowledge, while 
Nonmastery implies Lack of Knowledge. 
8. Update the system's belief about the student's expertise level for each concept. 
9. If a student has mastered all the concepts within a module, he is considered to be a master of that 
module; otherwise he is a nonmaster. Determine this for each module. 
10. Update the system's belief about the student's expertise level for each module. 
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This procedure will be integrated within the domain- and motivational based planner that will be described in 
the next chapter. An illustration thereof will also be provided. 
Comment 
The if-then rules of the domain- and motivational based planner will decide when a new topic will be studied, 
not the above described procedure. The procedure will only describe the system's beliefs about the student's 
expertise levels. The system may therefore start to present a new topic even before the student has definitely 
been classified as an expert, intermediate, beginner or novice of the previous one. 
2.3. An Assessment Matrix to Intelligently Monitor and Guide a Student's Progress 
2.3.1. Introduction 
An assessment matrix is used to monitor the student's progress through the learning material, to keep a record of 
both recommended tutoring strategies and strategies actually used and chosen by the student, to determine the 
student's level of expertise, to diagnose possible problem areas; to l.aunch remediative actions and to intelligently 
identify the most successful strategies. 
This matrix is constructed and updated by following the next 5 steps: 
1. Associate with each concept in the LP curriculum (See appendix 1) a column in this matrix. The matrix 
therefore consists of 245 columns. 
2. Associate a difficulty level with each concept and record it in the fust row of the matrix (It is also used in 
the fuzzy model of the student's expertise level) . 
3. The result of a computerized adaptive test (that is administered from time to time) is recorded in the next 
row. It indicates whether our student is a master or a non-master of a specific concept. Because the 
curriculum is designed in such a manner that each concept in a module actually represents one fundamental 
principle, this row is useful to diagnose possible problem areas of the student. The system uses it to 
recommend and undertake certain remediative measures. 
These diagnostic functions are very effective, especially for an algorithmic domain like LP. 
4. Reserve four rows for each tutoring mode and presentation element. The fust of the four contains the 
"availability" vector, and the second the "capability" vector. 
Initialize the submatrices containing the third and fourth of these rows by assigning zeroes to all its 
elements. 
Now assign a 1 to elements in the third row that correspond to a recommended strategy. In other words, 
assign a I to each row associated with a recommended tutoring mode and presentation element. 
Update the fourth row of these submatrices by incrementing the row elements associated with tutoring 
modes and presentation elements with I if they are actually used by the student. Remember that (s)he has a 
choice in the EPSS modes. Records are therefore kept of how many visits students undertake to specific 
learning elements. 
5. After a predetermined number of tutoring sessions have taken place, Quinlan's ID3 induction algorithm (see 
section 4) or a simple backpropagation neural network (see section 5) can be used to determine the most 
successful combination of tutoring modes and presentation elements. In future this strategy could get 
highest priority. Illustrations are provided in sections 4 and 5. 
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2.3.2. Illustration of the Assessment Matrix 
As an example, consider the column associated with the concept "Z Mi!}US C Indicator" from the module 





Simplex as Solution Method 
Z Minus C Indicator 
Mundane 
Nonmaster (diagnosing a possible problem area; remediative measures must be taken) 
Suppose my original implementation of the model of teaching/tutoring and learning that is based on Felder and 
Silverman's (Felder and Silverman, 1988) approach is used Entries for both tutoring modes and presentation 
elements will therefore appear. Two examples of tutoring modes and five of presentation elements are listed 
below. None of the other models will use the rows for the tutoring modes. 
Tutoring Modes 















Usage 1 (Compulsory Usage) 










Artificial Psychologist: Goal Setting 
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2.4. A Summary of the Fuzzy Logic Based Student Modeler 
One of this research project's major objectives was to design a practical and effective student model that can be 
transferred to other systems and domains. It was this section's aim to complete the description of this model - a 
description that was already started in the previous four chapters. A summary of this model appears below. 
My framework's student model interacts with the following components: Fuzzy expert and decision making 
systems that individualize the tutoring process (see chapters 8 and 9), a fuzzy model of the student's expertise 
level (section 2.2), a computerized adaptive testing procedure that diagnoses potential problem areas (see 
section 2.3), an assessment matrix that monitors the student's progress (section 2.3), a domain- and motivational 
based planner that controls the tutoring process (see chapter II·), and an artificial mentor and -psychologist that 
meets the student's psychological needs (as presentation elements, see chapter 5). 
The assessment matrix is used to monitor the student's progress through the learning material, to keep a record 
of both recommended tutoring strategies and strategies actually used and chosen by the student, to determine the 
student's level of expertise, to diagnose possible problem areas, to launch remediative actions and to intelligently 
identify the most successful strategies. See sections 2.2 and 2.3 above. 
The student model also interacts with a domain- and motivational based planner. It builds models for the 
student's effort-, confidence- and independence levels and uses these information, in combination with those 
obtained from the assessment matrix, to control the tutoring process. It is incorporated within the different 
modes of tutoring, and is described in the next chapter. 
All these components are easily transferable to other domains and systems. 
One of the other main goals of this study was to investigate techniques from artificial intelligence and how they 
can be used within my conceptual framework and improve it. This section was therefore also used to provide an 
overview of how fuzzy logic can be used in student modeling, that is apart from adapting the tutoring according 
to the student's learning style preferences (as was described in the previous three chapters). It was also 
demonstrated how a fuzzy model of the student's expertise level can be incorporated within my conceptual 
framework and how it can be used to improve the performance and functionalities of the tutoring environment. 
3. An AI Based Self-Improving Tutor 
3.1. Self-Improving Systems 
Pask (1975a) defines an adaptive system as a system which reasons about a process P. An output of P which 
pro.vides some measure of the effect of the reasoning system R on the process P is fed back into R, so as to 
adjust the reasoning process. In order to have a self-improving system, Pask (1975b) says that there must be a 
reasoning system Rl in addition to the adaptive system. Rl reasons about R, and an output ofR which provides 
some measure of the effect of the reasoning system Rl on R is fed back into R so that Rl can adjust the 
reasoning process R. 
Two of the best-know11 self-improving tutoring systems are the Quadratic Tutor (O'Shea, 1982) and the 
Integration Tutor (Kimball, 1982). 
O'Shea's Quadratic Tutor is a self-improving tutor in the domain of the solution to simple quadratic equations. 
It contains a teaching strategy represented as a set of production rules. The teaching strategy is the only part of 
the tutoring system which is improved. The system expe.riments with changes in the rules which comprise the 
teaching strategy, and the rules are changed based on an improvement in the student's performance. The 
Quadratic Tutor uses empirical learning, that is, learning based only on statistical analyses of the results of 
modifications in the teaching strategies. 
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Kimball's Integrator Tutor improves its domain expertise by replacing the expert solution with the student's 
solution whenever the student's solution is superior. The Tutor presents problems to the student, and the student 
responds. The system then evaluates the performance of the expert with that of the student and uses this 
evaluation to decide whether the expert's solution should be replaced by the student's. 
Whitaker and Bonnell (1992) beautifully illustrates how these two tutoring systems fit their blackboard model 
for adaptive and self-improving systems and how it also satisfies Pask's (1975a, 1975b) definition of self-
improving systems. 
3.2. Intelligent Applications of AI Techniques in Self-Improving Tutoring Systems 
3.2.1. Machine Learning 
The above two examples illustrate how simple machine learning techniques can be used intelligently to improve 
the performance of a tutoring system. 
The idea of using machine learning in tutoring is not new and definitely not restricted to the above two studies. 
Langley, Ohlsson and Sage (1984), for example, showed that learning could be applied in a practical and 
cognitively plausible way to the problem of student modeling and Morelli, Dinkins and Pelton (1995) describes 
a tutoring architecture that learns. 
The main question addressed by Morelli et al.'s study is whether machine learning can be used effectively to 
develop a practical tutoring architecture - a tutoring architecture that is more flexible than current tutoring 
systems both in terms of how it presents lessons and in how it responds to what the student is doing. They 
eventually conclude that their architecture provides evidence that machine learning can be used effectively to 
create a tutoring architecture that is flexible, adaptive, and practical. It also shows evidence of significant speed-
up learning and transfer of knowledge both within and across tracks. Its use of episodic knowledge, particularly 
of goal recognition knowledge, is applicable to both the student modeling and tutor control problems. 
There have been many other efforts, which won't be cited here in order to conserve space. The main point is 
that machine learning can be used to improve the performance of intelligent tutoring systems. In section 4 I 
shall show how one of the most common machine learning algorithms, namely Quinlan's ID3 algorithm, can be 
used to improve the performance of tutoring within my conceptual framework. Its application will directly 
address the possible shortcoming of my approach that was identified in section 1. 
3.2.2. Neural Networks 
A discussion on artificial intelligence techniques in intelligent tutoring systems will not be complete without 
also considering neural networks. Mengel and Lively (1991) have reported on a number of possible applications 
of neural networks in the four traditional modules of an intelligent tutoring system. A brief overview of these 
applications follows in section 5.4- after the reader has been guided through an introduction to neural networks 
in sections 5.1 to 5.3. Section 5.5 then describes and illustrates how neural networks can be used within my 
conceptual framework to improve the composition of the recommended tutoring strategy. 
4. Applying Quinlan's ID3 Algorithm for Extracting Knowledge from 
Data to Modify Tutoring Strategies 
In this section Quinlan's method of obtaining knowledge directly from a set of data is described and illustrated 
with an example from the domain of my conceptual framework. This knowledge is represented in a series of if-
then rules. According to Thompson & Thompson (1986) it is the method most commonly used (at least until 
1986) in commercial expert systems that employ induction methods to generate rules. It is an example of how a 
machine learning algorithm can be used to improve the functioning of a tutoring system. 
4.1. Classification Trees and Rules 
4.1.1. Introducing Classification Trees and Rules 
Classification trees have been used extensively to represent knowledge. An example from my framework 
explains what is meant by it. Suppose the system must decide whether a specific presentation element should be 
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used to present a specific topic to a specific student. The following is an example of an "internal conversation" 
that typically takes place during this decision making process: 
"Is the student a master or a nonmaster of the topic?" 
"He is a nonmaster." 
"What is the difficulty level of the topic?" 
"Mundane." 
"Does the system recommend this presentation element as part of the student's preferred tutoring strategy?" 
"Yes" 
"The student should use the element." 
Figure 10.3 shows how this "conversation" can be represented as a classification tree. It is a partial tree that 
completes only the branch of the tree that represents the answers that were applicable to the specific student. A 
complete tree will include all the possible questions and answers that could arise during such an "internal 
conversation". 
These classification trees can, however, be very difficult to manipulate. Rules can be used instead. The rule 
corresponding to the classification tree of figure 10.3 is: 
If Mastery Level is Nonmaster 
and Difficulty Level is Mundane 
and System Recommendation is Positive 
then Usage is Yes . 
Rules are constructed for each completed branch of the tree. The subject of each question is represented by a 
keyword called an attribute. Mastery Level, Difficulty Level, System Recommendation and Usage are the 
attributes of our example rule, and Nonmaster, Mundane, Positive and Yes are their corresponding values. 
4.1.2. Quinlan's ID3 Induction Algorithm 
The complexity of real-world problems, unfortunately, does not allow one to easily design a detailed set of 
rules. Knowledge acquisition therefore is a problem. The ID3 induction algorithm addresses this problem and 
finds a way to organize data to recognize patterns and extract knowledge directly from it. It provides a way of 
producing a classification tree directly from a set of examples within a problem area. Rules are constructed 
directly from the classification tree and can be manipulated by an expert system shell. 
4.1.3. Utilizing the ID3 Algorithm to Build a Classification Tree for our Example 
The system keeps a detailed record of each presentation element, each topic and each student: It records 
whether a specific presentation element is recommended or not, and whether it is actually used or not. The 
difficulty level of each topic is also stored and the system knows whether the student is a master or a nonmaster 
of each topic . A table listing all these attributes and their values are built up during a tutoring session, and is 
used to decide whether a specific element should be used, or not. An extract from such a table can be found in 
table 1 0.1. Each row in the data table is called an example. The first attribute "Usage" is called the class 
attribute. The goal of the ID3 algorithm is to determine a relationship between the class attribute and the values 
of the other attributes. The first example, for example, says that the presentation element should be used if the 
topic is simple, the student is a master of the topic and the system's learning style-based student modeling 
module does not actually recommend it for this specific student. The student may feel the need to revise this 
topic (which he has already mastered) or may be forced, by the motivational- and domain-based tutoring 
module, to again study it. The table alone does not give us much insight in predicting whether a specific 
presentation element should be used or not. The examples in table I 0.1 should be used to construct a 
classification tree. 
One of the attributes is selected as the starting point or root of the tree. Once this has been done the example set 
is partitioned into a number of smaller tables. Each of these tables contain examples with the same value for the 
selected attribute. A recursive procedure follows in which every smaller table is split up into yet another 
number of smaller tables. This procedure continues until each partition contains only a single value for the class 
attribute. 
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DIFFICULTY SYSTEM MASTERY 
USAGE LEVEL RECOMMENDATION LEVEL 
YES SIMPLE NEGATIVE MASTER 
YES MUNDANE POSITIVE MASTER 
NO MUNDANE NEGATIVE NONMASTER 
YES SIMPLE NEGATIVE NONMASTER 
NO COMPLEX NEGATIVE NONMASTER 
NO COMPLEX NEGATIVE MASTER 
NO MUNDANE NEGATIVE MASTER 
NO COMPLEX POSITIVE MASTER 
YES MUNDANE POSITIVE NON MASTER 
YES SIMPLE POSITIVE MASTER 
TABLE 10 .1: TABLE OF EXAMPLE SET 
-E YES NEGATIVE MASTER ~ SIMPLE YES NEGATIVE NONMASTER 
YES POSITIVE MASTER 
DIFFICULTY 
M"NDANE -§ YES POSITIVE MASTER LEVEL (DL) - f-- NO NEGATIVE NON MASTER 
NO NEGATIVE MASTER 
YES POSITIVE NONMASTER 
-E NO NEGATIVE NONMASTER '-- COMPLEX NO NEGATIVE MASTER 
NO POSITIVE MASTER 
FIGURE 10.4 : EXAMPLE SET SPLIT ON ATTRIBUTE DIFFICULTY LEVEL 
IS THE STUDENT A MASTER OR A NONMASTER OF THE TOPIC? 
I 
NONM~STER l MASTER 
I 
WHAT IS THE DIFFICULTY 
LEVEL OF THE TOPIC? 
I I 
SIMPLE MUNDANE COMPLEX 
I 
WHAT IS THE RECOMMENDATION 









-E YES YES 
YES 
DL - t-- MUNDANE _ SR { 
-E NO ....._ COMPLEX NO 
NO 
FIGURE 10.3: CLASSIFICATION TREE 
SHOWING THE RESULTS OF A 
CONSULTATION SESSION 
NEGATIVE MASTER 
NEGATIVE NON MASTER 
POSITIVE MASTER 










DL = DIFFICULTY LEVEL; SR = SYSTEM RECOMMENDATION 
FIGURE 10.5: EXAMPLE SET AFTER SPLIT ON " SR" 
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A set of rules is then produced directly from this final classification tree: Each branch is followed from the root 
to a terminal node. Each rule consists of a series of conditions containing attribute and value pairs, followed by 
a single conclusion containing the class attribute and the corresponding class. value. The conditions of the rules 
are formed from the intermediate nodes and their branches, while the conclusions are formed from the terminal 
modes. 
If Difficulty Level is selected as the root of our tree, the table is split into the sets shown in figure 1 0.4. When 
Difficulty Level has the value Simple the class attribute Usage has the value Yes . When Difficulty Level has the 
value Complex the class attribute Usage has the value No . These two example sets need no further 
classifications. In the example set where Difficulty Level is Mundane, however, a new attribute should be 
selected and the set split again. Figure 10.5 shows the results of a split on the attribute System Recommendation. 
Because each partition now contains only a single value for the class attribute the tree building process is 
complete. 
The following set of 4 rules can then be produced directly from this final classification tree: 
If Difficulty Level is Simple then Usage is Yes. 
If Difficulty Level is Mundane and System Recommendation is Positive then Usage is Yes . 
If Difficulty Level is Mundane and System Recommendation is Negative then Usage is No . 
If Difficulty Level is Complex then Usage is No . 
It is interesting to notice that although the original example set contained 3 attributes, besides the class attribute, 
only two were needed - Mastery Level was not used at all. It is also true that the tree in figure 10.5 is not the 
only possible tree that could have been generated from our example set. Any one of the other attributes (System 
Recommendation or Maste1y Level) could also have been selected as the first attribute to split the example set 
on. This would have resulted in a different tree and a different set of rules. It will therefore be important to 
intelligently split the example set using attributes that will lead to efficient classification trees. The calculation 
of the entropy of each attribute 'Yill be used to help us in this regard. 
4.2. Calculating the Entropy of Classification of an Attribute 
4.2.1. Definition of Entropy 
If an object can be classified into one of several different groups the entropy is a measure of the uncertainty of 
the classification of that object. As the entropy increases, the amount of information that is gained by 
knowledge of the final classification increases. 
If an object can be classified into N different classes c I> c2, ... cN, and the probability of an object being in class 
i is p( ci), then the entropy of classification, H(C) is defined as: 
N 
H(C) = - L p( ci) log2 p( cj). 
i= l 
4.2.2. Applying the Calculation of Entropies to our Example Set 
The calculation of the entropy of classification of all the non-class attributes will help us in determining the best 
attribute on which to split. This entropy represents the amount of uncertainty about a particular outcome. We 
will split on the attribute that results in the smallest entropy of classification. 
The first step in calculating the entropy of classification after deciding on a particular attribute (call it H(CJA)) is 
to split the table into sub!ables where each example has the same value of the partitioning attribute. The entropy 
of each subtable, H(CJaj) is calculated for each value of the attribute aj . H(Ciaj) is given by the expression: 
N 
H(Ciaj) = - i~l p(cilaj) log2 p(cilaj) · 
The function p( cilaj) is the probability that the class value is ci when the attribute has its jth value ( aj) . 
To fmd the entropy of the entire table after the split, H(CIA), we must take the sum of the entropy of each of the 
values of the attribute multiplied by the probability that the value will appear in the table . The entropy of 
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classification after choosing a particular attribute, H(CIA) is therefore the weighted average of the entropy for 
each value aj of the attribute, that is 
M 
H(CJA) = ).:: p(a1·) H(Aia1-). j=I 
M is the total number of values for the attribute A. 
Calculate the entropy of classification of the attribute Difficulty Level 
Study Table I 0.1. If our example set is partitioned by splitting on the attribute Difficulty Level, the class 
attribute value Yes appears 3 times in rows where Difficulty Level is Simple, 2 times when Difficulty Level is 
Mundane and not once when Difficulty Level is Complex. Similarly, the class attribute value No appears not 
once in rows where Difficulty Level is Simple, 2 times when Difficulty Level is Mundane three times when 
Difficulty Level is Complex. There are 4 examples where Difficulty Level is Yes and 6 where it is No. 
Therefore, 
H(CJDifficulty Level= Simple) 
H(CJDifficulty Level= Mundane)= 
H(C/Difficulty Level= Complex)= 
H(CJDifficulty Level) 
= 0.4. 
-p( Usage= Yes) I Difficulty_ Level= Simple) 
x log2 p(Usage =Yes) I Difficulty Level= Simple) 
-p( Usage = No) I Difficulty Level = Simple) 
x log2 p(Usage =No) I Difficulty Level= Simple) 
- 3/3 log2 (3/3)- 0/3 log2 (0/3) 
0; 
-p(Usage =Yes) I Difficulty Level= Mundane) 
x log2 p( Usage= Yes) I Difficulty Level= Mundane) 
-p(Usage =No) I Difficulty Level= Mundane) 
x log2 p( Usage = No) I Difficulty Level= Mundane) 
- 2/4 log2 (2/4)- 2/4 log2 (2/4) 
I. 
' 
-p( Usage= Yes) I Difficulty Level= Complex) 
x log2 p( Usage= Yes) I Difficulty Level= Complex) 
-p(Usage =No) I Difficulty Level= Complex) 
x log2 p( Usage = No) I Difficulty Level = Complex) 
- 0/3 log2 (0/3)- 3/3 log2 (3/3) 
O;and 
3/10x0+4/10x I +3/10x0 
Calculate the entropy of classification of the attribute System Recommendation 
Study Table I 0. I. If our example set is partitioned by splitting on the attribute System Recommendation, the 
class attribute value Yes appears 3 times in rows where System Recommendation is Positive and 1 time when 
System Recommendation is Negative. Similarly, the class attribute value No appears 2 times in rows where 
Sysiem Recommendation is Positive and 4 times when System Recommendation is Negative. There are 4 
examples where System Recommendation is Yes and 6 where it is No. Therefore, 
H(CJSystem Recommendation= Positive) 
-p( Usage= Yes) I System Recommendation= Positive) 
x log2 p( Usage= Yes) I System Recommendation= Positive) 
-p(Usage =No) I System Recommendation= Positive) 
x log2 p(Usage =No) I System Recommendation= Positive) 
- 3/4 log2 (3/4)- 1/4 log2 (1/4) 
0.811; 
H(CJSystem Recommendation =Negative) 
-p(Usage =Yes) I System Recommendation= Negative) 
x log2 p( Usage = Yes) I System Recommendation = Negative) 
-p(Usage =No) I System Recommendation= Negative) 
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x log2 p( Usage= No) I System Recommendation = Negative) 
- 2/6 log2 (2/6)- 4/6 log2 (4/6) 
0.918; and 
H( CjSystem Recommendation) 
4/10 X 0.811 + 6/10 X 0.918 
0.8752. 
Calculate the entropy of classification of the attribute Mastery Level 
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Study Table ·1 0.1. If our example set is partitioned by splitting on the attribute Mastery Level, the class 
attribute value Yes appears 3 times in rows where Mastery Level is Master and 3 times when Mastery Level is 
Nonmaster. Similarly, the class attribute value No appears 2 times in rows where Mastery Level is Master and 2 
times when Mastery Level is Nonmaster. There are 6 examples where Mastery Level is Master and 4 where it is 
Nonmaster. Therefore, 
H(Cj Maste1y Level= Master) 
-p(Usage =Yes) I Mastery Level =Master) 
x log2 p(Usage =Yes) I Maste1y Level =Master) 
-p(Usage =No) I Mastery Level =Master) 
x log2 p( Usage= No) I Maste1y Level= Master) 
- 3/6 log2 (3/6) - 3/6 log2 (3/6) 
1· ,
H(Cj Mastery Level= Nonmaster) 
-p(Usage =Yes) I Maste1y Level = Nonmaster) 
x log2 p(Usage =Yes) I Mastery Level = Nonmaster) 
-p( Usage= No) I Mastery Level = NonMaster) 
x log2 p( Usage =No) I Maste1y Level= Nonmaster) 
- 2/4 log2 (2/4)- 2/4 log2 (2/4) 
1; and 
H(C I Mastery Level) 
6/10x 1 +4/10x 1 
1. 
Since H(C I Difficulty Level) gives us the smallest entropy and therefore the least uncertainty, Difficulty Level is 
the best attribute to select for the initial split. 
4.3. A General Procedure to Build Classification Trees and Produce a Set of Rules 
The following general procedure can be formulated to build a classification tree and a corresponding set of rules 
for an example set: 
1 .. Set up a table listing the attributes and their values (the example set) . 
2. Select a class attribute. 
3. Calculate the entropy of classification of each of the other attributes. 
4. Select the attribute with the smallest entropy of classification as the starting point or root of the tree. 
5. Partition the example set into a number of smaller tables. Each of these tables contain examples with the 
same value for the selected attribute. 
6. Activate a recursive procedure in which every smaller table is split into yet another number of smaller 
tables . Use the attributes within these tables with the smallest entropy of classification to split the table on. 
Continue with this procedure until each partition contains only a single value for the class attribute. 
7. Produce a set of rules from the final classification tree: Each branch of this tree is followed from the root to 
a terminal node. Each rule consists of a series of conditions containing attribute and value pairs, followed 
by a single conclusion containing the class attribute and the corresponding class value. The conditions of 
the rules are formed from the intermediate nodes and their branches, while the conclusions are formed from 
the terminal modes. 
Stellenbosch University  https://scholar.sun.ac.za
302 
4.4. Applying Quinlan's ID3 Induction Algorithm to Intelligently Modify Tutoring 
Strategies within My Conceptual Framework 
4.4.1. A General Procedure 
The following general procedure was developed to utilize Quinlan's ID3 induction algorithm in combination 
with the assessment matrix (section 2.3 above) to modify the system's tutoring strategies: 
I . Record historic data for each presentation element regarding its availability and capability for specific 
topics, regarding its usage when it was recommended and not recommended, regarding the difficulty level 
of the topic it was used or not used for, and about the student's mastery level regarding the specific topic 
when it was in fact used or not used. 
2. Whenever a new tutoring cycle starts (see the chapter on the domain- and motivational based planner), run 
the procedure implementing Quinlan's ID3 algorithm on the historic data of each presentation element. 
3. Modify the recommended tutoring strategy by removing presentation elements for which there exist a 
conflict between the results of the Quinlan's ID3 induction algorithm and their status in the recommended 
tutoring strategy. New elements are also added to this strategy (replacing those removed) by consulting 
the results ofthe Quinlan's algorithm- those with a Yes for Usage are considered for usage. 
Instructions on where to find and how to run demonstration programs that implement this procedure can be 
found in appendix 15. 
4.4.2. A Demonstration 
Suppose a student has just started studying a mundane topic ((s)he is therefore still a nonmaster) and that the 
following tutoring strategy was recommended by the system: 
Capable presentation element 
Computer Mind Mapping Facility 
Other preferred presentation elements 
Explanations 
Ask Stimulating Questions 
Opportunity to reflect/think 
Examples 
Case studies. 
Essential presentation elements 
Computerized Adaptive Testing 
An additional, balanced presentation element 
Computerized Problem Solver 
Ignore the elements from the "Artificial Psychologist" (only for the purposes of this demonstration). 
Historic data (stored in the assessment matrix) was used in an application of Quinlan's ID3 induction algorithm. 
The following if-then rules for these recommended presentation elements were consequently produced: 
Induced If-then Rules (or Computer Mind Mapping Facility 
If difficulty level is simple and system recommendation is negative then usage is no. 
If difficulty level is simple and system recommendation is positive then usage is yes. 
If difficulty level is mundane then usage is yes. 
If difficulty level is complex then usage is no. 
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Induced If-then Rules for Explanations 
If difficulty level is simple and system recommendation is negative then usagr; is yes. 
If difficulty level is simple and system recommendation is positive then usage is no. 
If difficulty level is mundane then usage is no. 
If difficulty level is complex then usage is yes. 
Induced If-then Rules for Ask Stimulating Questions 
If difficulty level is simple then usage is no. 
If difficulty le'vel is mundane and maste1y level is master then usage is no. 
If difficulty level is mundane and mastery level is nonmaster then usage is yes. 
If difficulty level is complex then usage is yes. 
Induced If-then Rules for Opportunity to Reflect/Think 
If difficulty level is simple and mastery level is master then usage is yes. 
If difficulty level is simple and mastery level is nonmaster then usage is no. 
If difficulty level is mundane then usage is yes. 
If difficulty level is complex then usage is no. 
Induced If-then Rules for Examples 
If difficulty level is simple and system recommendation is negative then usage is no. 
If difficulty level is simple and system recommendation is positive then usage is yes. 
If difficulty level is mundane then usage is yes. 
If difficulty level is complex then usage is no. 
Induced If-then Rules for Case Studies 
If difficulty level is simple then usage is no. 
If difficulty level is mundane and system recommendation is negative then usage is yes. 
If difficulty level is mundane and system recommendation is positive then usage is no. 
Induced If-then rules for Computerized Problem Solver 
If difficulty level is simple then usage is yes. 
If difficulty level is mundane then usage is no. 
If difficulty level is complex then usage is yes. 
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The presentation elements Explanations, Case Studies and the Computerized Problem Solver should 
therefore be omitted from the recommended tutoring strategy. 
The following relevant if-then rules for presentation elements not recommended were also produced by the 
algorithm: 
Induced If-then Rules for Flowcharts 
If difficulty level is mundane then usage is Yes. 
Induced if-then rules for Facility to Build Mind Maps 
If difficulty level is simple then usage is no. 
If difficulty level is mundane then usage is yes. 
If difficulty level is complex then usage is no. 
Induced If-then Rules for Diagrams 
If difficulty level is simple then usage is no. 
If difficulty level is mundane and system recommendation is negative then usage is yes. 
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If difficulty level is mundane and system recommendation is positive then usage is no. 
The presentation elements Flowcharts, Facility to Build Mind Maps and ~ia~rams _could therefore be added 
to the tutoring strategy. Historic data indicated that the student prefer them - this despite the fact that they were 
not recommended in the first place. 
Induction can therefore very effectively be used to intelligently modify the recommended tutoring strategy 
within my conceptual framework. Neural networks can do the same, as will be seen in section 5.5 (after a brief 
introduction to neural networks and its applications in intelligent tutoring systems). Section 6 will compare the 
pros and cons of these two approaches, and make a recommendation on which approach is best. 
5. Applying Neural Networks to Intelligently Modify Tutoring Strategies 
5.1. Introducing Neural Networks 
5.1.1. Definition 
A neural network is a parallel distributed information processing structure in the form of a directed graph with 
the most popular type being feed forward networks. 
A neural network can be thought of as a pattern recognition system. The computer learns to associate a certain 
pattern with a given result. For example, once a neural network has been taught the relationships between the 
attributes Usage, Difficulty Level, System Recommendation and Mastery Level (from section 4), it should be able 
to recognize those same relationships among these attributes even if a slight variation thereof are offered. In our 
domain it will therefore be used to predict, based on past experience, whether a specific presentation element 
should be used or not. 
The FAQ (Frequently Asked Questions) about neural networks in the internet newsgroup comp.ai (Prechelt, 
1993) provides a good introduction to neural networks as well as some very useful references for readers who 
wish to learn more about it. 
5.1.2. Applications 
Neural network research has been driven mainly by the desire to create a machine which works in a way similar 
to the manner in which our own brain works. Theoretically neural networks can compute any function a 
normal computer can, and in practice neural networks are useful for problems with a high error rate, that have 
many examples, and where no algorithm exists to solve the problem. 
Neural networks have been used in a variety of different areas to solve a wide range of problems, for example, 
voice recognition, image recognition, stock-market prediction, car navigation, data compression, backgammon, 
character recognition, chess, horse racing prediction, and sonar recognition. 
Professionals using neural networks may include computer scientists (requiring solutions to problems where 
currently no algorithms exist), engineers (wanting to exploit the capabilities of neural networks in their 
particular application areas), cognitive scientists (using neural networks to describe models of thinking and 
conscience), neuro-physiologists (using neural networks to describe and explore brain functions), physicists 
(using neural networks to model phenomena in statistical mechanics), and biologists (using neural networks to 
model various biological processes). 
5.2. Commercially Available Products 
A whole range of shareware products that implement neural networks are freely available, e.g. "The Brain" from 
DP Computing, "Back Error Propagation Simulator (BPS)" from George Mason University and "SLUG", a 
backpropagation neural network toolkit, from Southern Scientific. For the purpose of this project we opted for 
"The Brain" (Perkovic, 1994). 
"The Brain" is an advanced neural network simulator that is simple enough to be used by everybody (even non-
technical people) and at the same time sophisticated enough for research purposes. It is based on the 
backpropagation learning algorithm. It will be used later (in section 5.5) to predict, based on past experience 
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with a specific presentation element, whether this element should be used with a specific student on a specific 
topic, or not. 
5.3. Functioning of Neural Networks 
5.3.1. How do Neural Networks Learn? 
A neural network typically consists of a group of interconnected units which are arranged in three layers, 
namely an input layer, a hidden layer and an output layer. Data is first presented to the system at t~e input _layer 
in the form of zeros and ones (representing 'off and 'on' respectively). It then goes through a senes of htdden 
mathematical "calculations within the hidden layer. Finally it is passed on to the output layer, whose job is to 
provide the user with some sort of sensible and understandable result. 
Neural networks may consist of any number of input, hidden, and output units, and any number of hidden 
layers. Because any problem can be solved with only one hidden layer, because generalization on unseen data is 
enhanced with the use of only one hidden layer and because our neural network implementation only supports 
one hidden layer, only one input layer will be used in our application. Our implementation (the shareware 
product "The Brain") can contain a maximum of 30 units (input, output and hidden units). 
After the information has been processed through the input layer, it is fanned out to form the input to each unit 
in the hidden layer. Units in the hidden layer then perform a calculation on this input. It results in a decimal 
number between 0 and I which then serves as the input for the output layer. Calculations are consequently 
performed by each output unit, and an output in the range 0 to 1 is produced by each. 
The calculations of the network in the hidden and output layers depend upon decimal numbers known as 
"weights". Because each network performs a unique task, the weights appropriate for that network are also 
unique. To determine a network's unique set of weights, the network must first be trained to learn how to 
recognize a specified input and output pattern. 
5.3.2. Training Neural Networks 
Training a network consists of an iterative process in which the network is given the desired inputs along with 
the correct outputs for those inputs. It then seeks to alter its weights to try and produce the correct output, 
within a reasonable error margin. If it succeeds, it has learned the training set and is ready to perform upon 
previously unseen data. If it fails to produce the correct output it re-reads the input and again tries to produce 
the correct output. The weights are slightly adjusted during each iteration through the training set (known as a 
training cycle) until the appropriate weights have been established. Depending upon the complexity of the task 
to be learned, many thousands of training cycles may be needed for the network to correctly identify the training 
set. 
Suppose, for example, we want to train the network to predict whether a specific presentation element should be 
used during the tutoring process or not. We have to supply the network with a set of examples that reflect the 
relationships between the attributes Usage, Difficulty Level, System Recommendation and Mastery Level. These 
examples were recorded during previous sessions with the specific presentation element (see table I 0.1 in the 
section on Quinlan's ID3 induction algorithm). An iterative process is followed: The network seeks to alter its 
weights to try and produce for every combination of input values from the example set (attributes Difficulty 
Level, System Recommendation and Maste1y Level) the same output value (of attribute Usage) as can be found 
in the example set. If it succeeds, it has learned the training set and is ready to perform upon previously unseen 
data. If it fails to produce the correct output it re-reads the input and again tries to produce the correct output. 
The weights are slightly adjusted during each iteration through the training set until the appropriate weights 
have been established. 
Experimentation is usually required in order to enable a network to correctly learn a particular training set. 
Some networks may learn a particular problem using only one hidden unit while others may require 20 or 30 
hidden units. 
Networks also occasionally become stuck during learning. Either they take a very long time to learn a problem 
or they fail completely; it all depends on the initially chosen values for the weights. To overcome this problem, 
the network should be trained again. Because "The Brain" randomly chooses the initial weights for the network, 
Stellenbosch University  https://scholar.sun.ac.za
306 
one or more additional trammg sessions should find an acceptable starting set of weights. Restarting the 
network should therefore solve the problem of the network becoming stuck. 
Research has also found that a network performs best on unseen data with a network using the least number of 
hidden units that can successfully learn the training set. 
Other ways to enable the network to learn the desired input after training are to add more units to the hidden 
layer, to decrease/increase the size of the training set, to increase the training times and to alter some of the 
parameters used in backpropagation. 
5.3.3. Testing Neural Networks 
Once the output is correct the weights can be used with the same network on unseen data to examine how well it 
performs. The whole idea of a neural network is to train the network on an input set and then to show the 
network a similar but different data set which it hasn't seen before. Hopefully the network can correctly 
recognize it. 
For our example the test data could be a set of previously unseen combinations of the attributes Difficulty Level, 
System Recommendation and Mastery Level. The system will then predict the value of attribute Usage (stating 
whether the element should be used or not). 
If the network performs poorly during testing, its performance can be improved by adding more examples into 
the training and/or by ensuring that the network contains the minimum number of hidden units. 
5.4. Intelligent Tutoring Systems and Neural Networks 
Neural networks can play a number of roles in each of the four traditional modules of an intelligent tutoring 
system, and can improve the functioning of the system in the process. Mengel and Lively (1991) have identified 
a number of ways how neural networks can be incorporated in the expert-, tutoring-, interface- and the student 
model modules. A brief overview ofthese, together with·comments about its applicability within my conceptual 
framework, is provided below. Many more studies have probably already been done on this topic (see for 
example Posey's (1996) work on applying neural networks to knowledge acquisition in the student model), but 
these applications will give the reader a good feeling for the potential role of neural networks within intelligent 
tutoring systems. A new application of neural networks within my conceptual framework within the tutoring 
module will be described in detail in section 5.5. 
The expert module contains the domain knowledge that the student must be taught as well as the method of 
solving problems. The student should, typically, be able to watch the procedure by which the expert solves 
problems in order to become more efficient at problem solutions. A neural network can be used to emulate the 
procedure by which a human expert solves problems. The network would be trained upon the problem solving 
process and used to solve new problems or problems the student wants to see worked. The network could 
answer properly on unknown problems since it generalizes over the training pattern set or the problems it has 
seen. A translator component could be used to interpret to the student what the network is doing. This 
application of neural networks will be redundant within my conceptual framework since specific procedures 
exist that are used to solve LP problems (and for that matter operations research problems within my 
environment). 
The tutoring module has the task of reducing the differences between the student's and the human expert's 
performance as well as presenting the lesson material. It must weigh the current student's knowledge through 
the student model with the lesson that the expert wants to be presented next. A neural network trained upon 
various student knowledge states and subject material to be presented next, can therefore be very valuable. The 
output of the network could be an estimation of how well the student might perform upon the material. This 
application has potential, but is not implemented within my conceptual framework - I use other ways (CA T's, a 
domain- and motivational based planner (see next chapter)) to accomplish what this neural network tries to do. 
A possible difficulty with this network approach may be the construction of a proper training set - by the time it 
has been constructed for a specific student the tutoring could be over already, or if historic data from other 
students are also used, the individualization aspect may suffer. 
A neural network can also be trained to mimic the actions of a human tutor. It can classify students into various 
skill levels, like expert, beginner, etc. The tutor can then direct its material toward the level of the student. This 
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classification function corresponds more or less with the fuzzy model of the student's expertise level that was 
described in section 2.2. The domain- and motivational based planner of the next chapter will use this fuzzy 
model to assist it in directing its material toward the level and preferences of the student. This possible 
application of neural networks will therefore not be investigated further. 
The interface module presents the information from the tutoring module to the student and the student's 
responses back to the system. If the interface is complex with many windows or objects that can be moved 
around, a neural network might be used to position objects more strategically during various parts of the tutoring 
session. A network could track the positions of objects as a student moves them around, Generalizing over 
several students, the network could take over object movement and make the interface more convenient for the 
student. The ·student should then be able to concentrate more on learning the material than on dealing with the 
interface. Since my framework's interface is fairly simple, it does not need such an application. 
According to Mengel and Lively (1991) neural networks can be used in several ways to represent the student. It 
might be used to track and emulate a student's problem solving steps. Since neural networks can generalize and 
pick out the overall problem solving methodology, noise would be filtered out and ignored. Neural networks 
might also be used to store how the student fares with declarative knowledge, and could classify student errors, 
that is if a large amount of student data were available. They could therefore help to Jessen the tedious manual 
construction of bug catalogs. The filtering-out-of-noise and classification characteristics of neural networks 
could be useful within my conceptual framework - it can help decide if a student really prefers a specific 
presentation element, or not. The bug catalog application has merit, but my conceptual framework does not use 
such catalogs at this stage. 
5.5. Applying Neural Networks to Intelligently Adapt Tutoring Strategies within My 
Conceptual Framework 
5.5.1. Setting Up the Network 
The aim is to train a· neural network to predict whether a specific presentation element should be used with a 
specific student on a specific topic, or not. Historic data on the usage of the presentation element for topics of 
different difficulty levels and with students of different profiles and ability levels are used. Data regarding the 
system's recommendation regarding the usage of the element (according to the student's profile) is also taken 
into consideration. An example of such a set of data can be found in table 10.1 of section 4. The attributes 
Usage, Difficulty Level, System Recommendation and Maste1y Level are populated to represent this data. 
For our neural network we will associate an input unit with each of the values of the attributes Difficulty Level, 
System Recommendation and Mastery Level; 3 units will therefore be associated with Difficulty Level (one each 
for Simple, Mundane and Complex), 2 with System Recommendation (one each for Positive and Negative), and 2 
with Mastery Level (one each for Master and Nonmaster) . An input unit will have the value "1" if the 
corresponding attribute value appears, and "0" otherwise. The example "Simple Positive Yes" will therefore be 
represented by the input units 1 0 0 1 0 1 0. The example set of table 10.1 of section 4 is presented by the 
following combinations of input unit values: 
1000110 
0 ~ 0 1 0 1 0 
0 1 0 0 I 0 1 
1 0 0 0 I 0 I 
0 0 1 0 I 0 I 
0 0 I 0 1 1 0 
01001IO 
001I010 
0 I 0 I 0 0 l 
I 0 0 1 0 1 0 
Also associate an output unit with each of the values of the class attribute Usage - 2 output units will therefore 
be associated with Usage (one each for Yes and No) . An output unit will have the value "l" if the corresponding 
attribute value appears, and will be "0" otherwise. Yes will therefore be represented by the output units 1 0, and 
No by the output units 0 1. 
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Experimentation will be used during the training phase to determine the minimum number ·of hidden units that 
will be needed to correctly learn the relationships between the different attributes. 
5.5.2. Training the Network 
"The Brain" is activated and the above provided example set, together with its output units, are used to 
experiment with. It was found that three hidden units is optimal. The training was completed in a mere 18 
cycles (because it is an extremely easy set to learn; it may take thousands of cycles) with a least squared error of 
0.110554. The network output for our example training set is given by: 
Training Example I : 
Training Example 2: 
Training Example 3: 
Training Example 4: 
Training Example 5: 
Training Example 6: 
Training Example 7: 
Training Example 8: 
Training Example 9: 





















(compared to 1 0 in the example set) 
(compared to 1 0 in the example set) 
(compared to 0 1 in the example set) 
(compared to 1 0 in the example set) 
(compared to 0 1 in the example set) 
(compared to 0 1 in the example set) 
(compared to 0 1 in the example set) 
(compared to ·o 1 in the example set) 
(compared to 1 0 in the example set) 
(compared to 1 0 in the example set) 
From the output we can see that for the first example the first output unit is close to be fully "on" (i.e. close to 1) 
while the other output unit is close to being fully "off' (i.e. close to 0). This indicates that the network has 
recognized that for the conditions of the first example the specific presentation element should in fact be used 
(1 0 equals Yes). 
The weights corresponding to this network are saved and will be used to test the network on unseen data. 
5.5.3. Testing the Network 
Suppose our student is tackling a Complex topic, the system's recommendation is Positive and our student is still 
a Nonmaster of the topic . Should the specific presentation element be used? We will use our neural network to 
predict this. Run our trained network with the saved weights and the input unit combination 0 0 1 1 0 0 1 
(unseen data). It responds with the output pair "0.101301 0.848515". We can therefore conclude that the 
specific presentation element should not be used (result is relatively close to "0 1 "). 
Very often the performance on test data is poor. This problem can possibly be solved by expanding the training 
set by adding more examples and by retraining and retesting the network. 
5.5.4. Using the Results of the Neural Network to Modify Tutoring Strategies within My Conceptual 
Framework 
The following general procedure was developed to utilize neural networks in combination with the assessment 
matrix to modify the system's tutoring strategies: 
1. Record historic data for each presentation element regarding its availability and capability for specific 
topics, regarding its usage when it was recommended and not recommended, regarding the difficulty level 
of the topic it was used or not used for, and about the student's mastery level regarding the specific topic 
when it was in fact used or not used. 
2. Whenever a new tutoring cycle starts (see the chapter on the domain- and motivational based planner), run 
a neural network ori the historic data of each presentation element. 
3. Modify the recommended tutoring strategy by removing presentation elements for which there exist a 
conflict between the results of the neural network and their status in the recommended tutoring strategy. 
New elements are also added to this strategy (replacing those removed) by consulting the results of the 
neural networks- those with a Yes for Usage are considered for usage. 
Instructions on where to find and how to run demonstration programs that implement this procedure can be 
found in appendix 15. 
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6. Evaluating the Self-Improvement Tutor 
6.1. Induction or Neural Networks to Control the Self-Improving Tutor? 
The answer to this question probably lies in a study of the advantages and disadvantages of induction and a 
comparison of induction with neural networks on some of these points. 
One of the primary advantages of induction states that its if-then rules can be imported into the rule base of 
decision support- or expert systems (Ben-David & Mandell, 1995). It is also the case in my conceptual 
framework. This fact and because the output of the neural network described above needs some interpretation 
before it can be used within my conceptual framework, definitely tips the scale in favor of induction. 
Decision tree induction is also very flexible as it easily copes with discrete- and continuous attributes. Neural 
network classification techniques, on the other hand, require that one encode discrete attributes as either 
numbers on a continuous scale or as orthogonal unit vectors. This is also true for the example above. Any such 
transformation may introduce spatial connotations that will bias the-learning process and therefore influence the 
final induced model. Again induction comes out as the winner. 
Bakshi and Stephanopoulos (1994) found that rule induction algorithms usually generate answers much faster 
than neural networks. It would therefore be wise to use these rule generating techniques when speedy results are 
needed, as is the case within my conceptual framework. 
Besides needing more time the neural network also needs more data and more training and testing Because 
these decisions are based on only one student's historic data, it therefore again looks like induction is the best 
choice. 
Induction may, however, miss or misinterpret global trends or relationships in the data. This is due to its divide-
and-conquer partitions and its greediness. Neural networks may overcome this shortcoming and on this issue 
triumph over induction. 
By taking all of the above into consideration, it is the opinion Qf the author that induction will be the better 
technique to control the self-improvement feature within my conceptual framework. It is therefore also the 
technique that is used in the illustration and demonstration of the domain- and motivational based planner in the 
next chapter. 
6.2. Usefulness of the Self-Improving Mechanism within My Conceptual Framework 
Both the self-improving mechanisms of sections 4.4 and 5.5 address a potential shortcoming of the various 
fuzzy models of teaching I tutoring and learning, namely, that there may exist a mismatch between the 
recommended tutoring strategy of a student and the student's actual preferences. Such a mismatch may indicate 
an inaccurate modeling of the student's preferences. The self-improving procedures then act as error-correction 
procedures. They may therefore improve both the accuracy and the effectiveness of the tutoring system. 
7. ·Support for the Goals of the Study 
The goal "To construct a general framework for the de~elopment of intelligent, computer-based educational 
software .. . " is supported by the general procedure of section 2.6 that explains how the fuzzy model of a 
student's expertise level is applied within my conceptual framework, by the generality of the assessment matrix 
of section 2.3, and by bo~h the self-improving procedures of sections 4.4 (induction) and 5.5 (neural networks) . 
One of this research project's major objectives was to design a practical and effective student model that can be 
transferred to other systems and domains. It was the aim of section 2 to complete the description of this model -
a description that was already started in the previous four chapters. 
Another very important goal was to investigate techniques from artificial intelligence and how they could be 
used within the proposed conceptual framework to improve it. It was also a goal to implement these techniques, 
where appropriate, in order to demonstrate how they could be used to improve the performance and 
functionalities of the proposed tutoring environment. The report on and integration of fuzzy logic within my 
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conceptual framework (section 2), the discussion on machine learning and induction, and its usage within a self-
improving tutor (section 4 ), and the description of and implementation of neural networks within my conceptual 
framework (section 5) clearly support this goal. 
A number of computerized modules was also developed to demonstrate how the most important techniques 
discussed and developed in this chapter can be implemented within an intelligent tutoring environment. 
Instructions on where to fmd and how to run these demonstration programs can be found in appendix 15. These 
programs therefore also address one of the goals of this study (demonstrating the techniques developed in the 
chapter). 
8. Contribution to Knowledge 
The parts of the fuzzy logic based student modeler that are described in this chapter, in section 2, do not 
contribute any novel new ways, but point to unique combinations of existing techniques. The fuzzy model of 
the student's expertise level, the assessment matrix and the various models of teaching/tutoring and learning are 
combined and incorporated within the domain- and motivational based planner of the next chapter. 
The induction- and neural network based self-improving procedures of sections 4.4 and 5.5 offer novel ways to 
improve the effectiveness and the performance of the tutorial module of an intelligent tutoring system. Its 
novelty does not lie in the techniques, but rather in its selection of an application area for these techniques. 
They are used to revise and modify a student's recommended tutoring strategy - a strategy that was also 
determined in a novel way (see the previous two chapters). These self-improving procedures therefore attempt 
to close the gap, if one does indeed exist, between a student's recommended tutoring strategy (according to a 
fuzzy model of her/his learning- and I or thinking style preferences) and the strategies actually used by the 
student during tutoring sessions. 
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Chapter 11 
A Domain- and Motivational Based Planner to Control the Tutoring 
Process 
1. An Introduction to Motivation and to a Domain- and Motivational Based 
Planner of a Tutoring Process 
Mostly domain-based aspects of instructional processes have been incorporated in the current generation of 
intelligent tutoring systems. The motivational aspects are most often overlooked (Del Soldato & Du Boulay, 1995). 
This is probably because cognitive factors are the major focus of research on instructional processes. Several 
researchers have, however, emphasized the lack of investigation on affective and motivational aspects during the last 
few years. They argue that cognitive sciences have focussed mostly on cognitive processes, whereas in the real 
world of teaching and learning cognitive processes do not operate in isolation - affective, motivational, and 
metacognitive factors occur simultaneously and interact with cognitive processes in significant ways (lssroff & Del 
Soldato, 1996). 
Lepper & Woolverton and Mumme & Gurtner (1993) advocated the relevance of emotional factors in learning 
processes and showed that experienced and effective human teachers include among their goals the aim of having the 
students motivated to learn. By that they meant confident students, students in control of their learning process, 
students curious about the subject domain and students who are willing to be challenged by the instructional task. 
During the last 15 years there has been, according to Issroff and Del Soldato ( 1996) a strong focus on specifying 
tactics to provide motivating learning settings. The frameworks of Malone and Lepper (1987) and Keller (1983) are 
good examples of this. They defme aspects of instructional motivation such as curiosity, challenge, confidence and 
control. 
A student's curiosity can be raised by a set of instructional tactics that are based on surprising the student. This 
surprise can be either a sensory or a cognitive one. An example of a sensory surprise is something like an 
unexpected sound, for example when a teacher claps his hands to attract children's attention. A cognitive surprise is 
something like the presentation of a paradoxical result that puzzles the student. Such a surprise may lead the learner 
to seek a sensible explanation for the paradox and may well stimulate him to explore new areas of the subject 
domain. Analogies that links known with unknown topics in a subject domain can also be used to attract students' 
curiosity (Keller, 1983). 
Challenge techniques are, according to Malone and Lepper (1987), based on the fact that tasks which are too easy or 
too difficult are not motivating. By presenting a task of moderate difficulty a student is motivated by the uncertainty 
of not knowing whether he will be able to master it, or not. They continue by saying that instructional activities 
should provide moderate levels of risk and "uncertain outcomes". This can be achieved by adjusting the learning 
material to an intermediate level of difficulty according to the student's ability and his confidence. Pursuing a 
challenging task may activate feelings of competence or defeat in students - confident students will feel competent 
while less confident students will feel defeated. Keller (1983) developed a set of tactics related to confidence to 
handle this situation. 
The concept of confidence is linked to the concept of self-efficacy which is defined in Bandura (1977). Students' 
perception of self-efficacy affects their choice of activities to be performed and the persistence or effort to perform a 
task: Difficult tasks are avoided by less confident learners and students with a high sense of efficacy are likely to 
work harder and persist longer (Bandura, 1982). Where increasing a student's confidence level is required, praising 
only will not be a sufficient factor because increasing someone's perception of self-efficacy depends on factors 
beyond simple information. Keller ( 1983) makes the suggestion that once a less confident learner does a task well, 
similar activities, in which he is likely to be successful too, should be set by the tutor (instead of more advanced 
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ones). Students' confidence of success may also be increased if the requirements for success are clearly specified, for 
example by organizing a complex problem in terms of simpler sub goals that should be achieved. 
Some students are extremely motivated by the feeling of control. Other students lose interest if they find themselves 
lost without guiding instructions. Keller ( 1983) refers to motivation itself as a matter of choices (of tasks and goals 
to achieve or avoid) based on the concept of locus of control (thoroughly discussed in theories of general 
motivation). He also relates motivation to the degree of effort one applies to pursue the chosen goal. More 
specifically, he states that personal control over the learning process should be perceived by the student as actual 
control over his own success in accomplishing desired goals. In this sense, control-related tactics link responsibility 
and choice to the task's outcome. Keller also suggests a set of tactics to maintain the student's motivation based on 
the delivery of unexpected and informative feedback and the use of intrinsic rewards (versus extrinsic rewards) . 
Del Soldato and Du Boulay ( 1995) implemented several of these motivational tactics into the instructional planner of 
a tutoring system. These tactics are explicitly represented in the tutor's planning mechanism and combines decisions 
aiming at enhancing the student's motivation with decisions aiming to traverse the subject domain. Decisions such as 
increasing the student's confidence and providing help when the student is lost, are therefore combined. The tutor 
also includes procedures to detect the student's motivational state by representing and updating a model for the 
student's confidence, effort and independence. 
I modified the domain- and motivational based planner of Del Soldato and Du Boulay for my tutoring environment, 
and combined it with different models of teaching/tutoring and learning and the student modeling procedures that 
were sketched in the previous chapter - a fuzzy model of a student's expertise level, the assessment matrix and the 
procedure that utilizes induction to revise tutoring strategies. The result is the domain- and motivational based 
planner that is described in the next two sections. 
Section 2 lists sets of if-then rules that are used to model the student's confidence-, effort- and independence levels 
and which are used to control the tutoring process. A general procedure that incorporates models of 
teaching/tutoring and learning, the student modeling techniques from the previous chapter and these if-then rules is 
outlined and illustrated in section 3. 
A computerized domain- and motivational based planning assistant that utilizes the general procedure of section 3 
was developed to assist tutors (human teachers and computer-based tutoring systems) in improving the quality of 
their teaching and to enable them to better model the preferences of their students. Screen shots of this tool, together 
with the relevant explanations, are provided in section 4. A summary of its possible applications is also provided. 
Section 5 explains how this chapter supports the goals of this study and section 6 describes this chapter's contribution 
to knowledge and research in intelligent learning environments. 
2. If-Then Rules Within a Domain- and Motivational Based Planner 
The aim of this section is to provide the if-then rules that forms the basis of my modified version of Del Soldato and 
Du Boulay's domain- and motivational based planner. These rules were extracted from Del Soldato & Du Boulay's 
1995 article, combined with concepts from my system's computerized adaptive testing procedure and from the 
assessment matrix that was outlined in the previous chapter, and adapted for my environment. Because it is 
necessary and important to understand these rules in order to fully understand the procedure for a domain- and 
motivational based planner, they are reported in detail. In compiling these lists, it was the author's intention to 
present them as reader-friendly as possible. These rules play an integral part in the procedure for the modified 
domain- and motivational based planner that will be sketched in section 3. 
Section 2.1 provides the if-then strategy that is traditionally followed by both human- and computer based tutors . It 
does not take motivational factors into consideration. The rules listed in section 2.2 illustrate how motivation can be 
incorporated into tutoring, and is an improvement on section 2.1. These rules can be used as valuable guidelines by 
a designer of a computer-based tutoring system (see section 2.6), and can also assist a human teacher in increasingly 
taking her/his students' preferences and needs into consideration. Section 2.3 provides if-then rules to model a 
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student's confidence level within my tutoring environment, section 2.4 lists the rules that are used to model a 
student's effort levels, and section 2.5 describes the if-then rules that are used within my conceptual framework to 
model a student's independence levels. Section 2.6 provides 17 if-then guidelines for tutoring - actually a 
modification of the 16 golden rules from section 2.2. It utilizes the results of the if-then rules for the student's 
confidence-, effort- and independence levels (sections 2.3, 2.4 and 2.5) and forms the basis of my domain- and 
motivational based planner. 
2.1. Traditional If-then Strategy of a Tutor (Human/Computer) in a Domain Based Planner 
The following if-then strategy is traditionally followed by both human- and computer based tutors: 
1. If the student has succeeded in solving the current problem 
Then the tutor will provide her/him with performance feedback 
And will select a harder problem for her/his next assignment. 
2. If the student has failed in solving the current problem 
Then the tutor will provide the student with performance feedback and praise her/his effort 
And present her/him with a new problem of the same difficulty level as her/his next assignment. 
3. If the student has given up in trying to solve the current problem 
Then the tutor will praise her/his ·effort 
And present her/him with a new problem of the same difficulty level as her/his next assignment. 
4. If the student has requested help in solving the current problem 
Then the tutor will provide her/him with generic help. 
2.2. 16 Golden Rules to Incorporate Motivation in Tutoring 
The following 16 rules illustrate how motivation can be incorporated into tutoring, and is an improvement on the 
rules of section 2.1: 
1. If the student has succeeded in solving the current problem 
And (s)he has made only a little effort in the process 
And her/his confidence level is low 
Then the tutor should prevent possible disappointment by commenting that the student is immediately promoted 
to the next difficulty level 
And by selecting a harder problem for the student's next assignment. 
" 2. If the student has succeeded in solving the current problem 
And (s)he has made a large effort in the process 
And her/his confidence level is low 
Then the tutor should try to increase the student's experience of success by making a comment about the link 
between effort and success 
And by consequently selecting a similar problem for the student's next assignment. 
3. If the student has succeeded in solving the current problem 
And (s)he has made only a little effort in the process 
And her/his confidence level is OK 
Then the tutor should stimulate challenge by suggesting that the student should be capable of solving much 
harder problems 
And by consequently selecting a much harder problem for the student's next assignment. 
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4. If the student has succeeded in solving the current problem 
And (s)he has made a large effort in the process 
And his confidence level is OK 
Then the tutor should comment on the idealness of this situation 
And provide the student with performance feedback 
And select a harder problem for her/his next assignment. 
5. If the student has failed in solving the current problem 
And (s)he has made only a little effort in the process 
And her/his confidence level is low 
Then the tutor should facilitate success by providing a hint 
And by insisting that the student should again try to solve the same problem. 
6. If the student has failed in solving the current problem 
And (s)he has made a large effort in the process 
And her/his confidence level is low 
Then the tutor should facilitate success by praising the student's effort 
And by providing a hint 
And by insisting that the student should again try to solve the same problem. 
7. If the student has failed in solving the current problem 
And (s)he has made only a little effort in the process 
And her/his confidence level is OK 
Then the tutor should stimulate curiosity by providing a surprising result 
And by insisting that the student should again try to solve the same problem. 
8. If the student has failed in solving the current problem 
And ( s )he has made a large effort in the process 
And her/his confidence level is OK 
Then the tutor should recognize this as the normal situation 
And provide the student with performance feedback 
And praise her/ his effort 
And present her/him with a new problem of the same difficulty level as her/his next assignment. 
9. If the student has given up in trying to solve the current problem 
And (s)he has made only a little effort in the process 
And her/his confidence level is low 
Then the tutor should remind the student of previous successes 
And provide her/him with a hint 
And insist that (s)he should again try to solve the same problem. 
10. If the student has given up in trying to solve the current problem 
And ( s )he has made a large effort in the process 
And her/his confidence level is low 
Then the tutor should facilitate success by praising the student's effort 
And by providing a hint 
And by insisting that the student should again try to solve the same problem. 
11 . If the student has given up in trying to solve the current problem 
And (s)he has made only a little effort in the process 
And her/his confidence level is OK 
Then the tutor should encourage more effort from the student's side by commenting on her/his lack of effort 
And by suggesting that (s)he should ask for some help 
And by insisting that (s)he should again try to solve the same problem. 
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12. If the student has given up in trying to solve the current problem 
And (s)he has made a large effort in the process 
And her/his confidence level is OK 
Then the tutor should recognize this as the normal situation 
And praise the student's effort 
And present her/him with a new problem of the same difficulty level as her/his next assignment. 
13. If the student has requested help in solving the current problem 
And her/his level of independence is low 
And her/his confidence level is low 
Then the tutor should facilitate success by providing the student with specific help. 
14. If the student has requested help in solving the current problem 
And her/his level of independence is OK 
And her/his confidence level is low 
Then the tutor should facilitate success by providing the student with specific help. 
15. If the student has requested help in solving the current problem 
And her/his level of independence is low 
And her/his confidence level is OK 
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Then the tutor should increase the student's level of independence by encouraging her/him to become more 
independent 
And by skipping the provision of help. 
16. If the student has requested help in solving the current problem 
And her/his level of independence is OK 
And her/his confidence level is OK 
Then the tutor should recognize this as the normal situation 
And provide the student with generic help. 
2.3. Modeling the Student's Confidence Level 
2.3.1. How to Numerically Model the Student's Confidence Level 
Model the student's confidence level on a numeric scale from 0 to 10. The student will start off with a confidence 
level measure of 5. 
While tutoring the student, her/his confidence level may increase substantially, increase, stay the same, decrease or 
decrease substantially. The following 9 rules govern this numeric modeling (refer to them as the numeric 
confidence rules): 
1. If the student's confidence level increases substantially 
Then add 2 to her/his confidence level measure. 
2. If the student's confidence level increases 
Then add 1 to her/his confidence level measure. 
3. If the student's confidence level stays the same 
Then her/his confidence level measure stays the same. 
4. If the student's confidence level decreases 
Then subtract 1 from her/his confidence level measure. 
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5. If the student's confidence level decreases substantially 
Then subtract 2 from her/his confidence level measure. 
6. If the student's confidence level measure rises above the upper limit of 10 
Then reset her/his confidence level measure to 10. 
7. If the student's confidence level measure drops below the lower limit of 0 
Then reset her/his confidence level measure to 0. 
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8. If the student's confidence level measure is larger than the threshold of 4 that was set to distinguish between low 
and high confidence levels 
Then her/his confidence level is defined as being OK. 
9. If the student's confidence level measure is smaller than the threshold of 4 that was set to distinguish between 
low and high confidence levels 
Then her/his confidence level is defmed as being low. 
2.3.2. Updating Beliefs About the Student's Confidence Levels 
The following 15 rules are used to update the tutor's beliefs about the student's confidence levels (refer to them as the 
confidence updating rules): 
1. The student's initial confidence level is defined as being OK. 
2. If the student was recently assessed 
And (s)he was classified as a master of the current module 
And presentation elements were utilized to teach her/him about the module 
And (s)he did not need any remediative action to achieve this 
Then it can be assumed that her/his confidence level has increased substantially. 
3. If the student was recently assessed 
And (s)he was classified as a master of the current module 
And presentation elements were utilized to teach her/him about the module 
And (s)he did need remediative action to achieve her/his level of mastery 
Then it can be assumed that her/his confidence level has increased. 
4. If the student was recently assessed 
And (s)he was classified as a master of the current module 
And no presentation elements were utilized to teach her/him 
And (s)he needed remediative action to achieve this mastery 
Then it can be assumed that her/his confidence level has increased. 
5. If the student was recently assessed 
And (s)he was not classified as a master of the current module (non-master!) 
And presentation elements were utilized to teach her/him 
And (s)he did not take any remediative action 
Then it can be assumed that her/his confidence level has decreased. 
6. If the student was recently assessed 
And (s)he was not classified as a master of the current module (non-master!) 
And no presentation elements were utilized to teach her/him 
And (s)he did take some remediative action 
Then it can be assumed that her/his confidence level has decreased. 
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7. If the student was recently assessed 
And (s)he was not classified as a master of the current module (non-master!) 
And presentation elements were not required to teach her/him 
And (s)he did not take any remediative action 
Then it can be assumed that the student's confidence level stays the same. 
8. If the student was recently assessed 
And (s)he was not classified as a master of the current module (non-master!) 
And presentation elements were utilized to teach her/him 
And (s)he took remediative action 
Then it can be assumed that her/his confidence level has decreased substantially. 
9. If the student has not yet been assessed 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And it was required from the tutor to facilitate some remediative tutoring 
Then it can be assumed that her/his confidence level has decreased. 
10. If the student has not yet been assessed 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And it was required from the tutor to facilitate some remediative tutoring 
Then it can be assumed that her/his confidence level has decreased. 
11 . If the student has not yet been assessed 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And it was not required from the tutor to facilitate any remediative tutoring 
Then it can be assumed that her/his confidence level stays the same. 
12. If the student has not yet been assessed 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And it was also not required from the tutor to facilitate any remediative tutoring 
Then it can be assumed that the student's confidence level stays the same. 
13. If the student was recently assessed 
And (s)he was classified as a master of the current module 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And it was also not required from the tutor to facilitate any remediative actions 
Then it can be assumed that her/his confidence level has increased substantially. 
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14. If the numeric measurement of the student's confidence level is larger than the threshold that was set to 
distinguish between low and high confidence levels 
Then her/his confidence level is defined as being OK. 
15. If the numeric measurement of the student's confidence level is smaller than the threshold that was set to 
distinguish between low and high confidence levels 
Then her/his confidence level is defmed as being low. 
2.4. Modeling the Student's Effort Level 
2.4.1. A Boolean Model to Represent the Student's Effort Level 
Five boolean variables are used to model the student's effort level. They are: Effort None, Effort Little, Effort 
Medium, Effort Large and Effort Maximum. Their values are determined by the If-then rules provided in the next 
section (2.4.2.). Once their values are known, the following If-then rules can be used to describe the student's effort 
level as either large or little (refer to them as the boolean effort rules). 
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I. If the student's effort level is described either as Effort None or Effort Little 
Then define the student's effort level as little. 
2. If the student's effort level is described as Effort Medium or Effort Large or Effort Maximum 
Then define the student's effort level as large. 
2.4.2. Updating Beliefs About the Student's Effort Levels 
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The following 29 rules are used to update the tutor's beliefs about the student's effort levels (refer to them as the 
effort updating rules): 
I . The student's initial effort level is defmed as "none". 
2. If the student has not been assessed yet 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And (s)he has spontaneously requested remediative actions from the tutor 
Then her/his effort level can be described as "little". 
3. If the student has not been assessed yet 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was not more than was suggested 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "little". 
4. If the student has not been assessed recently ((s)he may have been assessed much earlier) 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was not more than was suggested 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "little". 
5. If the student has been assessed recently 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was not more than was suggested 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "little" . 
6. If the student has been assessed recently 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was not more than was suggested 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "little". 
7. If the student has not been assessed yet 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was more than was suggested I expected 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "large" . 
8. If the student has not been assessed yet 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was more than was suggested I expected 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "large" . 
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9. If the student has not been assessed yet 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was not more than was suggested 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "little". 
10. If the student has not been assessed recently 
And (s)he is currently classified as a non-master of the current module ((s)he was previously assessed) 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was not more than was suggested I expected 
And some remediative actions were required from the tutor (in reaction to a previous assessment) 
Then the student's effort level can be described as "little" . 
11. If the student has been assessed recently 
And (s)he is currently classified as a non-master of the current module 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And some remediative procedures were already required from the tutor 
Then the student's effort level can be described as "little" . 
12. If the student has been assessed recently 
And (s)he is classified as a master of the current module 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was not more than was suggested 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "little" . 
13. If the student has been assessed recently 
And (s)he is classified as a master of the current module 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was not more than was suggested 
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And some remediative actions were required from the tutor because the student was previously classified as a 
non-master during another assessment 
Then the student's effort level can be described as "medium". 
Because the boolean model of the student's effort level only distinguishes between "little" and "large" effort 
levels, the student's effort level of "medium" should be approximated with "large" . 
14. If the student has been assessed recently 
And ( s )he is classified as a master of the current module 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was not more than was suggested 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "medium". 
Because the boolean model of the student's effort level only distinguishes between "little" and "large" effort 
levels, the student's effort level description of "medium" should be approximated with "large". 
15. If the student has been assessed recently 
And (s)he is classified as a master of the current module 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "little" . 
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16. If the student has not been assessed recently 
And (s)he was classified as a non-master of the current module during a previous assessment 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was more than was suggested I expected 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "medium". 
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Because the boolean model of the student's effort level only distinguishes between "little" and "large" effort 
levels, the student's effort level description of "medium" should be approximated with "large". 
17. If the student was classified as a non-master of the current module during a previous assessment 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was more than was suggested I expected 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "large". 
18. If the student has not been assessed recently 
And (s)he was classified as a non-master of the current module during a previous assessment 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was more than was suggested I expected 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "large". 
19. If the student has been assessed recently 
And ( s )he was classified as a master of the current module 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was more than was suggested I expected 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "large". 
20. If the student has been assessed recently 
And (s)he was classified as a master of the current module 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was more than was suggested I expected 
And some remediative actions were required from the tutor because (s)he was previously classified as a non-
master). 
Then the student's effort level can be described as "maximum". 
Because the boolean model of the student's effort level only distinguishes between "little" and "large" effort 
levels, the student's effort level description of "maximum" should be approximated with "large". 
21. If the student has been assessed recently 
And ( s )he was classified as a master of the current module 
And it was required from the tutor to utilize some pr~sentation elements to teach her/him 
And the amount of effort eventually required from the tutor was more than was suggested I expected 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "maximum". 
Because the boolean model of the student's effort level only distinguishes between "little" and "large" effort 
levels, the student's effort level description of "maximum" should be approximated with "large". 
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22. If the student has been assessed recently 
And (s)he was classified as a master of the current module 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "little". 
23. If the student has been assessed recently 
And (s)he was classified as a master of the current module 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "little". 
24. If the student has been assessed recently 
And (s)he was classified as a non-master of the current module 
And it was required from the tutor to utilize some presentation elements to teach her/him 
And the amount of effort eventually required from the tutor was more than was suggested I expected 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "large". 
25. If the student has been assessed recently 
And (s)he was classified as a non-master of the current module 
And it was required from the tutor to utilize some presentation elements to teach him 
And the amount of effort eventually required from the tutor was more than was suggested I expected 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "large". 
26. If the student has been assessed recently 
And (s)he was classified as a non-master of the current module 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "little". 
27. If the student has been assessed in the past, not recently, however 
And (s)he was classified as a master of the current module 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "little" . 
28. If the student has been assessed in the past, not recently, however 
And (s)he was classified as a non-master of the current module 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And some remediative actions were required from the tutor 
Then the student's effort level can be described as "little" . 
29. If the student has been assessed in the past, not recently, however 
And (s)he was classified as a master of the current module 
And it was not required from the tutor to utilize any presentation elements to teach her/him 
And no remediative actions were required from the tutor 
Then the student's effort level can be described as "little". 
321 
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2.5. Modeling the Student's Independence Level 
2.5.1. How to Numerically Model the Student's Independence Level 
Model the student's independence level on a numeric scale from 0 to 10. The student will start off with a 
independence level measure of 5. 
While tutoring the student, her/his independence level may increase substantially, increase, stay the same, decrease 
or decrease substantially. The following 9 rules govern this numeric modeling (refer to them as the numeric 
independence rules):. 
1. If the student's independence level increases substantially 
Then add 2 to her/his independence level measure. 
2. If the student's independence level increases 
Then add 1 to her/his independence level measure. 
3. If the student's independence level stays the same 
Then her/his independence level measure stays the same. 
4. If the student's independence level decreases 
Then subtract I from her/his independence level measure. 
5. If the student's independence level decreases substantially 
Then subtract 2 from her/his independence level measure. 
6. If the student's independence level measure rises above the upper limit of I 0 
Then reset her/his independence level measure to 10. 
7. If the student's independence level measure drops below the lower limit of 0 
Then reset her/his independence level measure to 0. 
8. If the student's independence level measure is larger than the threshold of 4 that was set to distinguish between 
low and high independence levels 
Then her/his independence level is defmed as being OK. 
9. If the student's independence level measure is smaller than the threshold of 4 that was set to distinguish between 
low and high independence levels 
Then her/his independence level is defmed as being low. 
2.5.2. Updating Beliefs About the Student's Independence Levels 
The following 6 rules are used to update the tutor's beliefs about the student's independence levels (refer to them as 
the independence updating rules): 
1. The student's initial independence level is defined as being OK. 
2. Ifthe tutor suggested specific presentation elements as remediative action 
And the student rejected it I preferred not to use it 
Then it can be assumed that her/his independence level has increased substantially(+ 2 on the numeric scale). 
3. If the tutor suggested general presentation elements as remediative action 
And the student rejected it I preferred not to use it 
Then it can be assumed that her/his independence level has increased only slightly(+ I on the numeric scale). 
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4. If the tutor suggested demonstrations as remediative action (demonstrations are assumed to be particularly 
effective) 
And the student rejected it I preferred not to use it 
Then it can be assumed that her/his independence level has increased substantially ( + 2 on the numeric scale). 
5. If the tutor suggested general presentation elements as remediative action 
And the student recently utilized them 
Then it can be assumed that her/his independence level has decreased only slightly(- I on the numeric scale). 
6. If the tutor suggested specific presentation elements as remediative action 
And the student recently utilized them 
Then it can be assumed that her/his independence level has decreased substantially (- 2 on the numeric scale). 
2.6. Domain- and Motivational Based Plans: 17 Guidelines for Tutoring 
The following 17 if-then guidelines for tutoring are modifications of the 16 golden rules from section 2.2. They 
utilize the results of the if-then rules for the student's confidence-, effort- and independence levels.( sections 2.3, 2.4 
and 2.5) and forms the basis of my domain- and motivational based planner. The condition and action parts of these 
rules are provided separately, and the goal of each is also explained. 
1. Tutoring Guideline 1 
Student's state ("Ir' condition for If-Then rule) 
The student is currently classified as a non-master; (s)he has made only a little effort in learning about the 
current module; and her/his confidence level is low. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should consequently respond by providing specific presentation elements as remediative action. 
Remediative presentations should be provided for concepts the student did not manage to master during his 
previous assessment. 
A reminder 
The student always has the option to reject the suggested remediative presentation elements, to select elements 
of her/his own preference, to again take an assessment test, or to end the current session. 
Goal of this guideline 
The goal of this process is to help the student master the objectives of the current module. 
Comment 
Demonstrations should be used as the remediative procedures. Emphasis should be placed only on the concepts 
the student has not succeeded in mastering up to this point. 
2. Tutoring Guideline 2 
Student's state ("If" condition for If-Then rule) 
The student is classified as a non-master of the current module; (s)he has made a large effort in learning about 
the current module; and her/his confidence level is low. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should consequently respond by praising the student's effort and by providing specific presentation 
elements as remediative action. Remediative presentations should be provided for concepts the student did not 
manage to master during her/his previous assessment. 
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A reminder 
The student always has the option to reject the suggested remediative presentation elements, to select elements 
of her/his own preference, to again take an assessment test, or to end the current session. 
Goal of this guideline 
The goal of this process is to facilitate success. 
Comment 
Demonstrations should be used as the remediative procedures. Emphasis should be placed only on the concepts 
the student has not succeeded in mastering up to this point. 
3. Tutoring Guideline 3 
Student's state ("IP' condition for If-Then rule) 
The student is classified as a non-master of the current module, (s)he has only made a little effort in learning 
about the current module, and her/his confidence level is OK. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should consequently respond by providing some surprising results or facts about the current learning 
objectives. Its goal is to make the task more interesting and appealing to the student, and to stimulate her/his 
curiosity so that (s)he is motivated to make a larger effort during the next learning session. 
Remediative presentations for concepts the student did not manage to master during her/his previous assessment 
session should also be on offer, but should be optional. 
The tutor should then continue by presenting the same module to the student (hoping (s)he will make a larger 
effort). 
A reminder 
Remember that the student always has the option to select elements of her/his own preference (other than the 
recommended ones), to again take an assessment, or to end the current session. 
Demonstrations should be offered as the remediative procedures. Emphasis should be placed only on the 
concepts the student has not succeeded in mastering up to this point. 
Goal of this guideline 
The goal of this strategy is therefore to make the task more interesting and appealing to the student, and to 
stimulate his curiosity so that he is motivated to make a larger effort during the next learning session. 
4. Tutoring Guideline 4 
Student's state ("If" condition for If-Then rule) 
An assessment test classified the student as a non-master, the student has made a large effort in learning about 
the current module, and her/his confidence level is OK. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should therefore respond like in a normal situation and provide performance feedback, praise the 
student's effort and again present the same module to the student. 
Remediative presentations for concepts the student did not manage to master during her/his previous assessment 
should also be on offer, but should be optional. 
A reminder 
Remember that the student always has the option to select elements of her/his own preference (other than the 
recommended ones), to again take an assessment, or to end the current session. 
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Demonstrations should be used as the remediative procedures. Emphasis should be placed only on the concepts 
the student has not succeeded in mastering up to this point. 
Goal of this guideline 
The goal of this strategy is therefore to respond like in a normal situation. 
5. Tutoring Guideline 5 
Student's state ("Ir' condition for If-Then rule) 
The student has mastered the current module without much effort and herlllls confidence is low. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should try to prevent disappointment in her/his learner by promoting her/him to the next module and 
by making a suitable comment about it. 
A reminder 
The tutor should therefore present the next module, but remember that the student can, like always, also decide 
to end the current session. 
Goal of this guideline 
The goal of this strategy is to prevent disappointment in the learner. 
6. Tutoring Guideline 6 
Student's state ("Ir' condition for If-Then rule) 
The student has mastered the current module, (s)he has made a large effort in learning about it and her/llls 
confidence level is low. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should therefore try to increase the student's experience of success (and herlllls confidence) by making 
a comment that links effort to success and by again presenting the same module to the student. 
A reminder 
Naturally the student is free to immediately take another assessment session, to utilize recommended and 
unrecommended presentation elements, or to end the current session. 
Goal of this guideline 
The goal of this strategy is to increase the student's experience of success and herlllls confidence levels. 
7. Tutoring Guideline 7 
Student's state ("If" condition for If-Then rule) 
The student has mastered the current module without much effort and her/llls confidence is OK. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should therefore try to challenge (and motivate) the Ieamer by promoting her/him to the next module 
and by making a suitable comment about it. The problem used in the next module should ideally also be of a 
higher difficulty level. 
A reminder 
The next module should therefore be presented to the student, but (s)he can, like always, also decide to end the 
current tutoring session. 
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Goal of this guideline 
The goal of this strategy is to challenge and motivate the learner. 
8. Tutoring Guideline 8 
Student's state ("If" condition for If-Then rule) 
The student has mastered the current module, (s)he has made a large effort in learning about it and her/his 
confidence is OK (the ideal situation). 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should provide performance feedback and suggest presenting the next module to the student. 
A reminder 
The next module should therefore be presented to the student, but (s)he can, like always, also decide to end the 
current tutoring session. 
Goal of this guideline 
This is the ideal situation - high effort and high confidence levels should reap rewards and be rewarded! 
9. Tutoring Guideline 9 
Student's state ("Ir' condition for If-Then rule) 
The student spontaneously selects remediative presentation elements. Her/his independence and confidence 
levels are low. 
Recommended action for tutor ("Then" action part oflf-Then rule) 
The tutor should facilitate success by providing specific presentation elements as remediative measures. 
A reminder 
After a remediation session the student should again be free to select her/his next action: A presentation element, 
remediation, an assessment test or the ending of the session. 
Demonstrations should be used as the remediative procedures. Emphasis should be placed only on the concepts 
our student has not succeeded in mastering up to this point. 
Goal of this guideline 
The goal of this strategy is to facilitate success. 
10. Tutoring Guideline 10 
Student's state ("If" condition for If-Then rule) 
The student spontaneously selects remediative presentation elements. Her/his independence level is OK and 
her/his confidence level is low. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The student should facilitate success by providing specific presentation elements as remediative measures. 
A reminder 
After a remediation session the student should again be free to select her/his next action: A presentation element, 
remediation, an assessment test or the ending of the session. 
Demonstrations should be used as the remediative procedures. Emphasis should be placed only on the concepts 
the student has not succeeded in mastering up to this point. 
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Goal of this guideline 
The goal of this strategy is to facilitate success. 
11. Tutoring Guideline 11 
Student's state ("If" condition for If-Then rule) 
The student spontaneously selects remediative presentation elements. Her/his independence level is low and 
her/his confidence level is OK. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should try to increase the student's independence by explicitly encouraging it and by skipping the 
provision of specific presentation elements as remediative measures. 
A reminder 
Remember that the student is always free to again select a remediative action, or to choose a specific 
presentation element, take another assessment or end the session. 
Goal of this guideline 
The goal of this strategy is to increase and encourage independence. 
12. Tutoring Guideline 12 
Student's state ("Ir' condition for If-Then rule) 
The student spontaneously selects remediative presentation elements. Both her/his independence level and 
her/his confidence level is OK. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should recommend some general presentation elements as remediative actions (the normal situation). 
A reminder 
After a possible remediation session the student is again free to select her/his next action: A presentation 
element, remediation, an assessment test or the ending of the session. 
Demonstrations could be used as the general remediative procedures. No emphasis should be placed on any 
concepts. 
Goal of this guideline 
The goal of this strategy is to keep the student's independence, confidence and motivation high. 
13. Tutoring Guideline 13 
Student's state ("If" condition for If-Then rule) 
The student rejected the previously suggested remediative presentation elements. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should continue by presenting the same module to the student and by recommending her/his preferred 
presentation elements in the process. 
Goal of this guideline 
The goal of this strategy is simply to continue the tutoring process and to keep the student motivated. 
14. Tutoring Guideline 14 
Student's state ("If" condition for If-Then rule) 
The student wants to give up. (S)he has made only a little effort in learning about the current module and (s)he 
is low in confidence. 
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Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor 'should try to motivate the student by reminding her/him of previous successes (by making some 
suitable comments), and provide her/him with a demonstration (presentation element illustrating the learning 
objectives of the current module) that acts as remediative action. The student should then continue and present 
the same module. 
A reminder 
The student may, however, still decide to end the current session or to continue and take an assessment test. 
Goal of this guideline 
The goal of this strategy is to keep the student motivated by reminding her/him of previous successes and by 
boosting her/his confidence and effort levels. 
15. Tutoring Guideline 15 
Student's state ("Ir' condition for If-Then rule) 
The student wants to give up. (S)he has made a large effort in learning about the current module and (s)he is low 
in confidence. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should try to motivate the student by praising her/him for all her/his efforts (by making some suitable 
comments), and provide her/him with a demonstration (presentation element illustrating the learning objectives 
of the current module) that acts as remediative action. The tutor should then continue and present the same 
module. 
A reminder 
The student may, however, still decide to end the current session or to continue and take an assessment test. 
Goal of this guideline 
The goal of this strategy is to facilitate success by praising the student for all her/his efforts and to increase 
her/his confidence level. 
16. Tutoring Guideline 16 
Student's state ("If" condition for If-Then rule) 
The student wants to give up. (S)he has made only a little effort in learning about the current module and her/his 
confidence level is OK. 
Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should encourage the student to try harder, comment on her/his lack of effort, suggest some 
presentation elements that could act as remediative measures to correct possible misconceptions, and then 
continue to present the same module. 
A reminder 
The student may, however, still decide to end the current session or to continue and take an assessment test. 
Goal of this guideline 
The goal of this strategy is to encourage the student to try harder and put more effort into learning the material. 
17. Tutoring Guideline 17 
Student's state ("If" condition for If-Then rule) 
The student wants to give up. (S)he has made a large effort in learning about the current module and her/his 
confidence level is OK. 
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Recommended action for tutor ("Then" action part of If-Then rule) 
The tutor should praise all the student's efforts and then continue to present the same module (the normal 
situation). 
A reminder 
The student may, however, still decide to end the current session or to continue and take an assessment test. 
Goal of this guideline 
The goal of this strategy is simply to keep a confident and hard-working student going! 
3. A General Procedure to Control the Modified Domain- and Motivational 
Based Planner 
3.1. Procedure 
The following general procedure incorporate the models of teaching/tutoring and learning from chapters 8 and 9, the 
student modeling techniques from the previous chapter (a fuzzy model of a student's expertise level, the assessment 
matrix and the procedure that utilizes induction to revise tutoring strategies) and the above described if-then rules in 
a strategy that controls the tutoring process within my conceptual framework: 
1. Either enter a new module, and initialize the system's beliefs about the student's expertise level, or enter a 
familiar one and load the saved student model. 
2. Construct an appropriate tutoring strategy. Utilize any one of the models of teaching/tutoring and learning from 
chapters 8 and 9, as well as the induced production rules about recommended and unrecommended presentation 
elements from chapter 10. 
3. Initialize the student's confidence, effort and independence models (according to the confidence-, effort- and 
independence updating rules of section 2.3, 2.4 and 2.5). 
4. Utilize the recommended presentation elements to deliver the course material. Always give the student the 
opportunity to select a CAT whenever (s)he wishes to. Continue with this step until the student decides to quit, 
to give up, to start over, or to take a CAT. 
Record the number of times a specific presentation element is used. Continuously update the assessment matrix 
(see previous chapter) .. 
5. If the student decides to quit, save the student model and exit the tutoring environment. 
6. If the student wants to give up, or to start over, use tutoring guidelines 14-17 from the combined domain- and 
motivational based planner (see section 2.6). 
7. If the student decides to take the complete CAT for the module, present it to her/him. Continue to administer the 
whole CAT (even for concepts the student has already mastered) until a decision has been reached by the fuzzy 
model about the student's expertise level (see the previous chapter for a description of this fuzzy model of the 
student's expertise level) . After a decision has been reached on certain concepts, the portions of the CAT for 
these concepts may be omitted (provided that the student has mastered these concepts the last time he took 
them). The CAT for the module as a whole must remain, however. 
8. Update the fuzzy model of the student's expertise level. A description of how this is done, was provided in the 
previous chapter. 
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9. Utilize tutoring guidelines 1-13 (section 2.6) from the combined domain- and motivational based planner to 
control the rest of the tutoring process: 
10. The next step is to update the system's model of the student's confidence level. It is done according to the 
numeric confidence- and the confidence updating rules that were described in section 2.3 
11. It is also necessary to update the system's model of the student's effort. It is done according to the boolean 
effort- and the effort updating rules that were described in section 2.4. 
12. The student's independence level is the last to be updated and it is done by taking the numeric independence-
and the independence updating rules from section 2.5 into consideration: 
Repeat steps 5 to 12 until the student decides to quit the tutoring session. Steps 10, 11 and 12 (updating the student's 
confidence, effort and independence levels) are executed continuously. 
The following section provides a step-by-step illustration of this procedure. 
3.2. An Example Session 
1. Suppose a hypothetical student has already completed and mastered the module "Introduction to Linear 
Programming" from our LP curriculum. (S)he now wants to learn how to build mathematical models of LP 
problems. This module (Building Mathematical Models) has the following concepts, and corresponding 































A "complex" difficulty level is assigned to the module as a whole. 











2. The model of tutoring and learning that is based on left and right preferences will be used to individualize the 
student's instruction. The results from Neethling's Brain Profile Test indicated that for this student there is quite 
a difference (QBIT) between her/his scores for the Rl and Ll quadrants and only a little difference (LIT) 
between the L1 and L2 and R2 scores. The fuzzy expert system for Neethling's Brain Profile Test therefore 
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concludes that the student will have a high preference for the elements associated with the dominant Rl quadrant, 
and an average preference for the elements associated with both the secondary quadrant L 1 and the tertiary 
quadrants, L2 and R2. The following tutoring strategy was consequently recommended: 
Capable presentation element 
Mind Map Presentation 
Other preferred presentation elements 
A Point-and-Query Interface based on QUEST model 





Essential presentation elements 
Computerized Adaptive Testing 
An additional, balanced presentation element 
Generic Questioning 
Psychological help 
Artificial Psychologist: Motivation 
Artificial Psychologist: Study Habits 
Artificial Psychologist: Goal Setting 
Artificial Psychologist: Emotions 
The following induced production rules (derived in previous sessions with this student) for recommended 
presentation elements should also be kept in mind and should be used to "fine-tune" this tutoring strategy: 
a. If the student is a master, then do not use flowcharts . 
b. If the student is not a master and the difficulty level of the module is "complex", then do not use flowcharts . 
c. If the student is not a master and the difficulty level of the module is "simple", then use flowcharts. 
d. If the difficulty level of a concept or a module is "simple" or "mundane", then do not use demonstrations. 
e. If the difficulty level of a concept or a module is "complex", then use demonstrations. 
There are no such rules, at least at this stage, for the presentation elements not recommended (because they have 
not been used). None of them should therefore be recommended, not even as an exception to the rule. 
The tutor should omit "flowcharts", according to rule (c) (only recommended for "simple" modules), from the 
tutoring strategy, and should also omit "demonstrations" for "simple" and "mundane" concepts or modules (rule 
(d)). 
3. Suppose the student is currently low in confidence, but that her/his independence level is "OK". Her/his effort 
level is initialized. 
4. The student, who is free to choose any of the presentation elements in this mode (preferably those recommended, 
but not necessarily only them), chooses to utilize the "mind map presentation" and "teaching games" presentation 
elements. Then (s)he suddenly decides to give up. Clearly (s)he did not put in a great effort in learning how to 
build mathematical models for LP problems. Her/his confidence level remains low, her/his independence level 
remains "OK" and her/his effort level is updated to "little" (Effort updating rule 3: Because (s)he has not yet 
taken a CAT, (s)he has utilized presentation elements learning about the contents of the current module, but (s)he 
has not used more than was suggested, and (s)he has not taken any remediative actions, her/ his effort level is 
defmed as "little" .). 
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The assessment matrix is also updated (according to the procedure described in the section on the assessment 
matrix in the previous chapter). 
5. This step is not applicable to the current situation. 
6. Tutoring guideline 14 is activated: The student has made only a little effort in learning about the current module 
and (s)he is low in confidence. The system therefore reminds her/him of previous successes by making 
comments about her/his ability that enabled her/him to master the first module and consequently also all its 
concepts. A demonstration illustrating for a case study how to build a mathematical model is also presented as a 
remediative action. The student takes it. 
The student's confidence level is updated according to confidence updating rule 10. It is decreased even further 
and remains low. Her/his effort level is also updated: According effort updating to rule 9 this level remains 
"little". Independence updating rule 5 is activated to update the student's independence level: Because the 
student took some general remediative procedures the independence level is decreased. It, however, remains 
larger that the threshold that was set to distinguish between high and low levels and therefore remains "OK" 
(numeric independence rule 8). 
The system then continues by giving the student another opportunity to utilize presentation elements of her/his 
choice in order to master the current module. 
The student chooses to try learning about the module again. This time (s)he uses all of the recommended 
presentation elements: Mind map presentations, a point-and-query interface based on the QUEST model, the 
facility to build mind maps, flowcharts, demonstrations, diagrams and teaching games. (S)he really enjoys the 
teaching games and tries out quite a few of them. It looks like (s)he is very seriously trying to master the learning 
objectives of the current module, and that (s)he is putting in a great effort in the process. 
Again the confidence, effort and independence levels are updated: The confidence level remains low, the effort 
level is defmed as "large" (effort updating rule 8), and the independence level remains "OK". 
7. The student decides to take on the CAT! (S)he succeeds in mastering the following concepts: Begin modeling, 
problem picture, problem stated, problem written, model selected, objective checked, constraints checked, units 
checked, provide model, and end modeling. (S)he is, however, not able to master the following concepts: 
problem classified, variables defmed, objective transformed, and constraints transformed. The CAT consequently 
classifies her/him as a master for the first set of concepts and as a non-master for the rest. (S)he is also classified 
as a non-master for the module as a whole. 
Because the student took a CAT, because (s)he was classified as a non-master of the module, because (s)he 
utilized presentation elements to learn about the contents of the module and because no further remediative 
actions was taken, her/his confidence level is decreased and therefore remains low (confidence updating rule 5). 
Her/his effort and independence models are not changed. 
8. The fuzzy model of the student's expertise model is updated as follows: 
Beliefs after observing knowledge of the simple concepts: Begin modeling, problem written, model 
selected, objective checked, constraints checked, units checked, provide model, and end modeling. 
The expertise levels of these concepts change to become the following: 
Expertise Level Old Likelihood Likelihood Change New Likelihood 
Expert Uncertain More Likely Likely 
Intermediate Uncertain More Likely Likely 
Beginner Somewhat Likely Somewhat More Likely Likely 
Novice Uncertain Somewhat More Unlikely Unlikely 
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Beliefs after observing knowledge of the mundane concepts: Problem pictured, problem stated and 
problem classified. 













Somewhat More Likely 







Beliefs after observing lack of knowledge of the complex concepts: Variables defined, objective 
transformed, constraints transformed, and the module as a whole. 
The expertise levels of these concepts change to become the following: 
Expertise Level Old Likelihood Likelihood Change New Likelihood 
Expert Uncertain Somewhat More Unlikely Somewhat Unlikely 
Intermediate Uncertain Somewhat More Likely Somewhat Likely 
Beginner Somewhat Likely More Likely Very Likely 
Novice Uncertain More Likely Likely 
9. Remember that the student has been classified as a non-master for the module Building Mathematical Models, 
that (s)he eventually made a large effort in learning about the current module and that her/his confidence level is 
very low. Tutoring guideline 2 is consequently activated. The system responds by praising the student's effort 
and by suggesting specific presentation elements as remediative action for the concepts variables defmed, 
objective transformed, and constraints transformed. 
The student rejects the remediative procedures. Independence updating rule 2 is consequently activated and 
the student's independence level is increased substantially. 1t remains "OK"; her/his confidence level also 
remains low and her/his effort level remain large. 
Tutoring guideline 13 is activated and the system continues to present the same module to the student by 
utilizing her/his preferred presentation elements. The student again makes a serious attempt to master the current 
module. Her/his confidence, effort and independence levels remains the same. 
Repeat of steps 5 and 6: Not applicable on this occasion. 
Repeat of step 7: The student takes the CAT again, and this time manages to master all the concepts and 
consequently also the module as a whole. 
Because the student took a CAT in which (s)he was classified as a master of the current module, because (s)he 
utilized presentation elements to learn about the contents of the module and because (s)he needed remediative action 
at some stage to achieve this, her/his confidence level is increased (confidence updating rule 3). Her/his resultant 
confidence level is, however, still lower than the threshold that was set to distinguish between low and high 
confidence levels - her/his confidence level therefore remains low. 
According to effort updating rule 20 the student's effort level remains "large". Her/his independence level remains 
the same ("OK"). 
Repeat of step 8: Update the fuzzy model of the student's expertise level: 
Beliefs after observing knowledge of the simple concepts: Begin modeling, problem written, model selected, 
objective checked, constraints checked, units checked, provide model, and end modeling. 
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Somewhat More Likely 
Somewhat More Unlikely 







Beliefs after observing knowledge of the mundane concepts: Problem pictured, problem stated and problem 
classified. 













Somewhat More Likely 
Somewhat More Unlikely 
Impossible 






Beliefs after observing knowledge of the complex concepts: Variables defined, objective transformed, 
constraints transformed, and the module as a whole. 
The expertise levels of these concepts change to become the following: 
Expertise Level Old Likelihood Likelihood Change New Likelihood 
Expert Somewhat Unlikely Somewhat More Likely Uncertain 
Intermediate Somewhat Likely Somewhat More Unlikely Uncertain 
Beginner Very Likely Impossible Somewhat Unlikely 
Novice Likely Impossible Unlikely 
Repeat of step 9: Tutoring guideline 6 is activated: The student has mastered the current module, (s)he has made a 
large effort in learning about the current module, and her/his confidence level is low. The system therefore tries to 
increase her/his experience of success (and his confidence) by making a comment that links effort to success and by 
again presenting the same module to the student. The student chooses some of the preferred presentation elements to 
revise some of the major concepts. Her/his confidence level is increased (confidence updating rule 3), her/his effort 
remains large and her/his independence level remains unchanged. 
Repeat of steps 5 and 6: Not applicable on this occasion. 
Repeat of step 7: The student takes the CAT again (a limited version) and this time again manages to master all the 
concepts and consequently also the module as a whole. 
Because the student took a CAT in which (s)he was classified as a master of the current module, because (s)he 
utilized presentation elements to learn about the contents of the module and because (s)he needed remediative action 
at some stage to achieve this, her/his confidence level is increased (confidence updating rule 3). The resultant 
confidence level now is higher than the threshold that was set to distinguish between low and high confidence levels 
-her/his confidence level therefore becomes "OK" (numeric confidence rule 8). 
According to effort updating rule 20 the student's effort level remains "large". Her/his independence level remains 
the same ("OK"). 
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Repeat of step 8: Update the fuzzy model of the student's expertise level: 
Beliefs after observing knowledge of the simple concepts: Begin modeling, problem written, model selected, 
objective checked, constraints checked, units checked, provide model, and end modeling. 
The student definitely is an expert on these concepts. 
Beliefs after observing knowledge of the mundane concepts: Problem pictured, problem stated and problem 
classified. 
The student definitely is an expert on these concepts. 
Beliefs after observing knowledge of the complex concepts: Variables defined, objective transformed, 
constraints transformed, and the module as a whole. 












Somewhat More Likely 








Repeat of step 9: Tutoring guideline 8 is activated: The student has mastered the current module, (s)he has made a 
large effort in learning about it and her/his confidence is "OK" (the ideal situation). 
The system therefore provides performance feedback to the student. It is reported to the student that (s)he definitely 
knows the simple and mundane concepts, and that (s)he has mastered the complex ones. (S)he is, however, advised 
that (s)he should in future, because of her/his current classification for complex concepts as somewhere between an 
intermediate and an expert (by the fuzzy model of the student's expertise level), revise them and take another CAT 
on them. 
The rest of the student model is also updated (the assessment matrix and the induced production rules). The next 
module is consequently presented to the student, and the tutoring process restarts at step 1. 
4. A Domain- and Motivational Based Planning Assistant 
4.1. Introduction and Demonstration 
A domain- and motivational based planning assistant was developed to assist tutors (human teachers and computer-
based tutoring systems) in improving the quality of their teaching and to enable them to better model the preferences 
and needs of their students. The if-then rules that control the tutoring process (see section 2 above) were extracted 
and are summarized within the assistant as kiosk information. These rules are meant to be applied by the tutor in 
one-on-one tutoring situations. They are applied within GEORGE to further individualize the tutoring ofLP (as was 
illustrated above) . This tool therefore attempts to improve the quality of teaching and learning by enabling the tutor 
to explicitly model the motivational levels of its students and by adapting its tutoring actions to these needs and 
preferences. The following set of menu screen shots will give the reader a good overview of how the assistant 
actually works. Instructions on where to fmd a demonstration version thereof and on how to run it can be found in 
appendix 15. 
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1. The following menu assists the user in utilizing this tool. Call it the Motivation Main Menu. 
A Domain and 1-l:otivational Based Planning 
Assistant for Teachers - If Then Rules 
336 
A Intrcoduction to I~otivation B List of Presentation Elements 
C Determine a Teaching Strategy D Simulate Computerized Planner 
E Numeric 1-lodel of Confidence F }lodel Student's Confidence 
G Boolean Model of Effort H Model Student's Effort 
I Nmneric Hodel of Independence J Hodel Student's Independence 
K IF THEN Hot.ivational Strategy L 16 Golden Rules to Remernber 
}I Notes to Improve Your Teaching N Traditional IF-THEI'·J Strategy 
0 Instructions for Next Demo P Demo of Usage in LP Tutor 
Q References Consulted R End Planning Session 
2. Option A on the Motivation Main Menu provides the reader with an introduction to motivation. It 
corresponds more or less with section 1 of this chapter. 
3. Option B on the Motivation Main Menu lists the set of presentation elements that are available to present the 
course material. 
4. Option C on the Motivation Main Menu allows the student to utilize the teaching/tutoring and learning 
assistant of her/his choice to determine an individualized tutoring strategy. Motivation Submenu 1 controls 
this process. 
Deterrn~ne a Tutcr~ng Strategy 
Ut~~~ze any 1 o~ 7 T&L Ass~stants 
1 T&L l-Iode~ Based on Ko~b's LSI 
2 T&L Hode~ Based en HBTI 
3 T&L !-lode~ Based on L1L2R1R2 
4 Fe~der & S .i J. .......... erman • s T&L Hade~ 
5 T&L !-lode~ Based on VAK 
6 T&L l•lode~ Based on l•II Theory 
7 Th~nk~ng Sty~es Based T&L 
8 Return to l·lot ~vat ~on Menu 
5. Option D on the Motivation Main Menu summarizes a procedure that can be used to incorporate motivation 
into the tutoring process. It is an electronic version of section 3.1. 
6. Option Eon the Motivation Main Menu lists the numeric confidence rules of section 2.3 .1. 
7. Option F on the Motivation Main Menu lists the confidence updating rules of section 2.3.2. 
8. Option G on the Motivation Main Menu lists the boolean effort rules of section 2.4.1. 
9. Option H on the Motivation Main Menu lists the effort updating rules of section 2.4.2. 
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10. Option I on the Motivation Main Menu lists the numeric independence rules of section 2.5.1. 
11. Option Jon the Motivation Main Menu lists the independence updating rules of section 2.5 .2. 
12. Option K on the Motivation Main Menu describes 17 guidelines for tutoring within a domain- and 
motivational based planner. It is an electronic version of section 2.6. 
13. Option L on the Motivation Main Menu lists 16 golden rules that should be remembered when one is 
attempting to incorporate motivation into teaching. It is also the basis of the domain and motivational based 
planner within my conceptual framework (see option K). Option Lis an electronic version of section 2.2. 
14. Option M on the Motivation Main Menu gives the user the opportunity to electronically make notes . (S)he can 
dot down what (s)he has learned about the incorporation of motivation in education, and can improve her/his 
teaching/tutoring in the process. 
15. Option N on the Motivation Main Menu lists the traditional if-then strategy that is followed by most tutors 
(humans and computers). It does not take motivation into consideration. 
16. Option 0 on the Motivation Main Menu contains instructions on how to run a demonstration version of the 
domain- and motivational based planner. These instructions can also be found in appendix 15. They are 
actually the user's manual of the demonstration version of the domain- and motivational based planner that can 
be run by selecting option P on the Motivation Main Menu. 
17. Option Q on the Motivation Main Menu lists all the resources that were consulted in compiling this assistant 
18. By selecting option P on the Motivation Main Menu a demonstration version of the domain-and motivational 
based planner is activated. The following menu, call it Motivation Submenu 2, is displayed. 
19. Option F1 on Motivation Submenu 2 provides a fuzzy description of the student's learning style preferences. 
20. Option F2 on Motivation Submenu 2 lists, for each module in the LP curriculum, the recommended tutoring 
strategy (according to the chosen model of teaching/tutoring and learning- in this case Neethling's model of left-
and right brain preferences) . These strategies can vary from module to module and depend on the availability of 
the various presentation elements within the different modules. Motivation Submenu 3 controls this process. 
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21 . The reader will recall from the chapter on student modeling (chapter I 0), and from the example in the previous 
section, that Quinlan's ID3 induction algorithm can be used to revise the tutor's strategies for each of the 
modules in the curriculum. The results of these revisions can be studied by selecting option F3 on Motivation 
Submenu 2. These new strategies take, besides the recommended tutoring strategy according to a model of 
teaching/tutoring and learning, also the actual (historical) selection of presentation elements by a student into 
consideration. These revised strategies can be viewed by selecting options A toR on Motivation Submenu 4. 
22. A list of all the concepts within each of the 18 modules of the LP curriculum, together with indications of their 
difficulty level and of whether the student has already succeeded in mastering it, is displayed when option F4 on 
Motivation Submenu 2 is selected. Motivation Submenu 5 is displayed. It controls this monitoring process. 
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23. The reader will also recall from the chapter on student modeling (chapter 1 0), and from the example in the 
previous section, that a fuzzy model of the student's expertise level was built. Option F5 on Motivation 
Submenu 2 activates Motivation Submenu 6 that is used to display the results of this modeling procedure. The 
student's expertise level for each of the concepts within a module is displayed when options A to R are activated. 
24. Option F6 on Motivation Submenu 2 activates a demonstration session with the domain- and motivational 
based planner. Descriptions of the various presentation elements and -modes are used within this demonstration 
version as substitutes for the actual implementations of these presentation elements and -modes (including the 
artificial psychologist, the computerized adaptive test and the remediative procedures). The active rules from 
the planner are also displayed. Motivation Submenu 7 controls this selection. 




25. Option Fl on Motivation Submenu 7 allows the student to view her/his preferred tutoring strategy. This 
strategy may guide her/him in selecting presentation elements to explore the LP curriculum. (S)he may, 
however, decide to use any presentation element of her/his choice. 
26. Option F2 on Motivation Submenu 7 allows the user to utilize presentation elements of her/his choice to 
explore the LP curriculum. Motivation Submenu 8 is displayed. Options A to X on this menu gives the 
student access to a range of presentation elements. This demonstration version only provides descriptions of 
these elements - it is, however, more than sufficient to demonstrate the functioning of the planner. 
27. Option F3 on Motivation Submenu 7 allows the user to utilize presentation elements from the artificial 
psychologist. Motivation Submenu 9 is displayed. Options A to F on this menu gives the student access to a 
range of presentation elements from the artificial psychologist. This demonstration version only provides 
descriptions of these elements - it is, however, more than sufficient to demonstrate the functioning of the 
planner. 
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28. Option F4 on Motivation Submenu 7 allows the student to give up. When selected, the system will respond by 
providing descriptions of how the student's confidence, effort and independence levels are updated and by 
explaining the system's response (according to the tutoring guidelines of section 2). 
29. Option F5 on Motivation Submenu 7 demonstrates what will happen if the student decides to take an 
assessment test (CAT): 
• A description of the CAT procedure is provided; 
• the student may select any number of concepts from the module under consideration and claim her/his mastery 
of it; 
• the student's confidence, effort and independence levels are updated; 
• an explanation of the system's response (according to the tutoring guidelines of section 2) is displayed; 
• the student's expertise levels for the various concepts are updated; and 
• the induction procedure is activated to possibly make revisions to the student's recommended tutoring strategy. 
30. Option F6 on Motivation Submenu 7 allows the student to utilize remediative presentation elements. The 
computer-based tutor responds by providing descriptions of remediative presentation elements, of how the 
student's independence levels are updated and by explaining its response (according to the tutoring guidelines 
of section 2) to the choice of remediative elements. 
4.2. A Summary of Possible Applications 
The domain- and motivational based planning assistant can be incorporated in computer-based tutoring systems (as 
was illustrated in section 3), in traditional teaching and one-on-one tutoring situations and to assist learners in 
seeking out the most rewarding and motivating learning experiences. The rules provided in section 2.2 can guide a 
teacher/tutor in improving the quality of her/his teaching/tutoring by incorporating motivation into it. A general 
knowledge of how the domain- and motivational based planner works, may also inspire human tutors to simulate 
their computer counterpart! Learners may also benefit by understanding what they should be looking for in good 
education and how they can change their own learning experiences to motivate themselves. Learners may, for 
example, feel that they are low in confidence despite solving a problem successfully. But understanding the concept 
of motivation, they will then know to pick and solve a problem of the same difficulty level and will in the process 
increase their experience of success and become more confident. 
5. Support for the Goals of the Study 
By now the reader will have noticed that the following goals are addressed in this chapter: 
a) To construct a general framework for the development of intelligent, computer-based educational software 
for topics from operations research. This goal is supported by the general procedure that was sketched and 
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illustrated in section 3 This procedure can be adapted to also be usable in other domains. It controls the whole 
tutoring process within my conceptual framework. 
b) To incorporate learning style and teaching and learning models into teaching systems. The incorporation of 
models of teaching/tutoring and learning into the general procedure of section 3 illustrates this point. 
c) To construct a student model that could be transferred to other systems and domains. The incorporation of 
the fuzzy model of a student's expertise level, the assessment matrix and the procedure that utilizes induction to 
modify the recommended tutoring strategy according to a student's historical selection of presentation elements 
into the procedure for a domain- and motivational based planner in section 3 provides support for this goal. 
d) To develop computerized modules that demonstrate the most important techniques discussed and developed 
in this document. The demonstration of the domain- and motivational based planning assistant in section 4 and 
the implementation of the procedure of section 3 supports this goal. Instructions on how to run and utilize these 
assistants can be found in appendix 15 
e) To develop a series of independent modules that could be used to improve the quality of traditional classroom 
instruction and that could be integrated within newly created computerized tutoring environments. The 
development of the domain- and motivational based planning assistant also backs up this goal. 
f) To provide novel ways on how to use technology to improve the quality of engineering- and more specifically 
LP education. If it is assumed (as the case is here) that the motivational tactics that are included in the if-then 
rules of the domain- and motivational based planner (see section 2.6) are applicable especially in situations 
where students are required to solve problems, then it is natural to conclude that it will have great value within 
engineering and LP courses. These courses typically require students to solve complex problems and a 
sensitivity on the part of the instructor in deciding when to move on to new material, when to reinforce current 
material and when to provide remediative material. 
6. Contribution to Knowledge and Research in Intelligent Tutoring 
Environments 
This chapter's value does not lie in the development of new techniques, but in the novel combination of existing 
ones, the novel incorporation of these techniques in a general procedure that controls the whole tutoring process, and 
the unique modification of an existing technique and the adaptation thereof to be useful within my conceptual 
framework. A new procedure is created in the process. 
Fuzzy models of teaching/tutoring and learning, a fuzzy model of a student's expertise levels, a student modeling 
assessment matrix, a procedure that modifies tutoring strategies according to a student's historical selection of 
presentation elements, and a modified domain- and motivational based planner are combined within a general 
procedure that controls the tutoring process within my conceptual framework. The domain- and motivational based 
planning assistant of section 4 contains an integrated, computerized version of these techniques. This assistant 
therefore combines the techniques that were developed and described in chapters 8, 9 and 10 and represents a 
valuable tool for both the traditional classroom and for intelligent, computer based tutoring environments. 
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Chapter 12 
Evaluating and Extending the Proposed Conceptual Framework 
1. Introduction 
This chapter has a twofold purpose. Firstly, to evaluate the proposed conceptual framework in terms of how 
well the goals of study were met, on which contribution it made to knowledge in the field of computers in 
education, on how well it measured up against the design principles that were set in chapter 2, and on how it was 
critiqued by externals. And secondly, to describe how the proposed conceptual framework can be extended to 
other domains and also to spell out some further avenues for future research. 
Section 2.1 provides a chapter-by-chapter summary of how the goals of the study were met and of how this 
study adds value to research in the field of computers in education. Section 2.2 describes how the proposed 
conceptual framework measures up against the 4 general and the 11 specific design principles that were defined 
in chapter 2. 
Section 3 provides a summary of some of the external feedback I received regarding the proposed conceptual 
framework. These criticisms were collected during 28 formal and during numerous informal presentations 
within which I described/demonstrated the proposed conceptual framework, or parts thereof.. The section 
attempts to provide a representative sample of these critical comments, and to provide my reaction to these 
criticisms. Section 3.1 considers statements I agree with, and section 3.2 statements I disagree with. 
Section 4.1 describes how a full-scale implementation of GEORGE can be extended to not only be a computer-
based tutor of LP topics, but to also become a Resourceful Environment for the Clever Tutoring of other 
Operations Research techniques (RECTOR). Section 4.2 lists a number of further topics for future research. 
2. The Success of this Study 
This section will attempt to provide a summary of this study's contribution to research. It will also show how 
the various goals of the study were addressed and how the final conceptual framework measure up against the 
set of design principles that was defined in chapter 2. 
2.1. A Chapter-by-Chapter Summary of How the Goals of the Study Were Met and 
of How This Study Adds Value to Research in the Field of Computers in 
Education 
Chapter 3: The Domain Expert Module of the Conceptual Framework 
The author is of the opinion that his work regarding the NLU based modeler is unique within the area of 
operations research - the automatic formulation of mathematical models for over 120 problems by means of this 
system and a set of formal LP problem frames are new. Because these LP frames simulates a human expert's 
thought processes when formulating LP models, it also provides a human tutor with a valuable tool to teach 
her/his students modeling techniques. This feature therefore adds value. 
The combination of generic questioning, the natural language understanding interface and computerized 
problem solving is an extremely powerful method to generate an unlimited amount of testing and tutoring 
material for an intelligent tutoring environment like mine. It has successfully being implemented in Turbo 
Pascal within the domain expert module of my conceptual framework, and it allows the tutorial module of the 
system to use different problems each time it gives an example, a demonstration, an explanation, a description, 
interactive coaching, advice, practice activities and tests. 
This novel approach has not only proved itself in the area of linear programming but also holds tremendous 
potential for application in other mathematical programming domains. Tutors in other problem solving subject 
domains like accountancy, statistics and physics, may also benefit from this approach. 
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Chapter 4: The Presentation Module of the Conceptual Framework 
The creation of the EPSS interface clearly supports the goal: "To construct a general framework for the 
development of intelligent, computer-based educational software for topics from Operations Research . .. ". The 
interface, that basically consists of a user-friendly listing of presentation elements, is general enough to be also 
useable in other systems and domains. 
The fact that the interface was specifically designed to accommodate the preferences of both visualizers and 
verbalizers provides evidence that the goal "To incorporate learning style and teaching and learning models into 
teaching systems" is also addressed. 
The demonstration programs that were developed for this framework and which are listed in appendix 15 
support the goals "To develop computerized modules that demonstrate the most important techniques discussed 
and developed in this document" and "To develop a series of independent modules that could be used to 
improve the quality of traditional classroom instruction and that could be integrated within newly created 
computerized tutoring environments" . 
Chapter 5: A Computerized Artificial Mentor and -Psychologist 
The formulation of a 21 st century curriculum, the consequent development of a number of independent 
computer modules to implement this curriculum and the incorporation of all these independent modules within 
CAMP FILE 2005 is unique. CAMP FILE 2005 is the first independent computer model the author is aware of 
that electronically makes such a comprehensive skills-based curriculum for the 21 st century available -
available for integration within both computer-based educational software and within the traditional classroom. 
The integration of CAMP FILE 2005 within my conceptual framework is also unique in the sense that it creates 
the first intelligent tutoring environment that attempts to simultaneously learn the student about linear 
programming and about a wide variety of essential skills for the 21 st century. 
CAMP FILE 2005's success is best described by the goals it addresses, namely 
• It is capable of incorporating learning style and teaching and learning models into teaching systems; 
• It is capable of integrating within the curriculum of the tutor elements on how-to-think, how-to-learn, and 
how-to-teach (three essential skills of the 21 st century); 
• Through its so-called artificial mentor and -psychologist it is capable of providing psychological help; . 
• Through its computerized modules it is capable of demonstrating the most important techniques discussed 
and developed in this document; and 
• Through a series of independent modules it is capable of improving the quality of traditional classroom 
instruction and of tutoring within newly created computerized tutoring environments. 
Chapter 6: Incorporating Learning Styles into Teaching Systems 
This chapter introduced the reader to the learning style concept and a number of learning style inventories, it 
provided an overview of the application of various learning style models within both traditional classroom and 
within computer-based educational settings, it stressed the importance and value of a learning style based 
approach and it introduced the reader to the way I think learning style and teaching and learning models should 
be incorporated into teaching systems. 
The five teaching and learning assistants that were introduced, are usable both within traditional classroom 
settings and within computer-based tutorials . Within both these environments it could be utilized to teach 
students about learning styles and on how-to-learn, and within traditional settings it can also be used to teach 
teachers how-to-teach, to "teach around the cycle" and to accommodate the learning style preferences of all its 
students. Within computer-based tutors these assistants can provide the tutor with advice on which tutoring 
strategy to follow in order to individualize a student's instruction and to accommodate his learning style 
preferences. 
A number of learning style inventories were computerized and incorporated within CAMP FILE 2005 and five 
hypermedia teaching and learning assistants were developed. These developments address the goal "to develop 
computerized modules that demonstrate the most important techniques discussed and developed in this 
document" . 
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The goal "To provide novel ways on how to use technology to improve the quality of engineering- and more 
specifically LP education" is also addressed in chapter 6. 
Chapter 7: Models of Teaching/Tutoring and Learning 
The formulation of a general theory for the development of a learning style based approach towards tutoring in 
this chapter addresses the goal of constructing a general framework for the development of intelligent, 
computer-based educational software for topics from Operations Research. The theory can be applied to any 
subject matter, but can be focussed on Operations Research by selecting a model of teaching and learning that is 
developed specifically for it (like Felder and Silverman's model) . 
The seven teaching I tutoring and learning assistants illustrate how learning style and teaching and learning 
models can be incorporated into teaching systems. 
The modeling of the student's learning style by means of LSI-S in section 7, and the various learning style 
inventories in the different teaching/tutoring and learning assistants, support the study's goal of constructing a 
student model that can be transferred to other systems and domains 
The inclusion of the set of teaching/tutoring and learning assistants in the fmal conceptual model and their 
ability to teach its users about learning styles and its associated learning and teaching strategies, demonstrate 
how elements on how-to-learn, and how-to-teach (two essential skills of the 21 st century) can be integrated in 
the curriculum of a LP tutor. 
It is very clear that the goal "To develop computerized modules that demonstrate the most important techniques 
discussed and developed in this document" is also supported by this chapter. 
The seven teaching I tutoring and learning assistants are usable both within the traditional classroom setting and 
within computer-based tutorials. Within both these environments it could be utilized to teach students about 
learning styles and on how-to-learn, and within traditional settings it can also be used to teach teachers how-to-
teach, to "teach around the cycle" and to accommodate the learning style preferences of all its students. Within 
computer-based tutors these assistants can provide the tutor with advice on which tutoring strategy to follow in 
order to individualize a student's instruction and to accommodate her/his learning style preferences. This 
chapter is therefore very successful in addressing the goal " To develop a series of independent modules that 
could be used to improve the quality of traditional classroom instruction and that could be integrated within 
newly created computerized tutoring environments" . 
The goal " To provide novel ways on how to use technology to improve the quality of engineering- and more 
specifically LP education" is also addressed in this chapter. The seven teaching I tutoring and learning assistants 
provide a vehicle for these improvements. 
Chapter 8: Fuzzy Models of Teaching/Tutoring and Learning 
This study and specifically this chapter add value in a number of significant ways: 
• This study is the most comprehensive effort the author knows of on the incorporation of learning styles and 
models of teaching and learning into computer-based tutoring environments. 
• The usage of fuzzy logic to further optimize the strategies that were presented in the previous chapter is 
novel and extremely practical. 
• The formulation of a general learning style based approach towards individualized tutoring is also, in the 
author's opinion, a valuable contribution to the field of intelligent tutoring environments. 
• The design and implementation of the teaching I tutoring and learning assistants so that they can be usable 
both within the traditional classroom and within intelligent tutoring environments definitely add value. 
• The versatility of these assistants and the fact that they are transferable to other domains contribute 
significantly to this study's success. 
The main goal of this chapter was to investigate and demonstrate how fuzzy expert- and fuzzy decision making 
systems can be used to improve the general learning style based approach towards individualized tutoring that 
was sketched in the previous chapter and to provide strategies on how the shortcomings of this approach can be 
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overcome. A general learning style based approach towards individualized tutoring was the result. This chapter 
has therefore succeeded in addressing the goal: 
"To investigate techniques from artificial intelligence and how they could be used within the proposed 
conceptual framework to improve it. Also to implement these techniques, where appropriate, in order to 
demonstrate how they could be used to improve the performance and functionalities of the proposed tutoring 
environment. ". 
Because this chapter basically modifies the strategies of the previous one, the goals that are supported there are 
also supported here. The main goal supported, however, remains the incorporation of fuzzy logic into the 
tutoring environment. 
Chapter 9: Thinking Style Based Approaches to Individualization and the Teaching of Thinking 
This chapter introduced the reader to the thinking style concept and a number of thinking style inventories, it 
provided a thinking style based approach to the individualization of teaching I tutoring and learning and to the 
teaching of thinking, and it stressed the importance and value of a thinking style based approach. It was also 
demonstrated how thinking I learning style and teaching and learning models can be incorporated into teaching 
systems. 
The resulting system, CATS BATTLE, is usable both within traditional classroom settings and within computer-
based tutorials. Within both these environments it could be utilized to teach students about learning styles, on 
how-to-learn and on how-to-think, and within traditional settings it can also be used to teach teachers how-to-
teach, to "teach around the cycle" and to accommodate the learning style preferences of all its students. Within 
computer-based tutors CATS BATTLE can provide the tutor with advice on which tutoring strategy to follow in 
order to individualize a student's instruction and to accommodate his learning I thinking style preferences. 
A number of thinking style inventories were computerized and incorporated within CAMP FILE 2005 and the 
hypermedia teaching and learning assistant, CATS BA TILE, were developed. These developments, address 
the goal "to develop computerized modules that demonstrate the most important techniques discussed and 
developed in this document". 
CATS BATTLE is the only system I know of which uses a thinking style model as the basis of individualization 
within an intelligent tutoring environment. It is also the only system I know of which tries to incorporate how-
to-think skills in a LP curriculum, which uses De Bono's thinking tools and -games to simultaneously learn the 
student about the curriculum (LP) and about thinking, and which uses a model of thinking styles to individualize 
the process. This teaching of thinking within a thinking style based tutoring environment is definitely a novelty. 
This study is also unique in the sense that the tutor can use both the learning style models of chapters 6, 7, and 8 
and the thinking style models of this chapter to individualize the tutoring ofLP and the teaching of thinking. 
CATS BA TILE further adds value in the following significant ways: 
• It forms part of a comprehensive effort by the author to incorporate learning and thinking styles and models 
of teaching, learning and thinking into computer-based tutoring environments. 
• The usage of fuzzy logic to optimize the strategies is novel and extremely practical. 
• The thinking style based approach towards individualized tutoring presented in this chapter fits the general 
learning style based approach towards individualized tutoring that was sketched in chapter 8. It therefore 
re-emphasizes the value of that general approach. 
• The design and implementation of CATS BA TILE so that it can be usable both within the traditional 
classroom and within intelligent tutoring environments definitely add value. 
• The versatility of CATS BATTLE and the fact that it is transferable to other domains contribute 
significantly to this chapter's success. 
Chapter 10: A Fuzzy Student Modeler and a Self-Improving Tutor 
The goal "To construct a general framework for the development of intelligent, computer-based educational 
software . . . " is supported by this chapter's general procedure that explains how the fuzzy model of a student's 
expertise level is applied within my conceptual framework, by the generality of the assessment matrix and by 
the both the self-improving procedures induction and neural networks. 
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One of this research project's major objectives was to design a practical and effective student model that can be 
transferred to other systems and domains. It was the aim of this chapter to complete the description of this 
model - a description that was already started in the previous four chapters. 
Another very important goal was to investigate techniques from artificial intelligence and how they could be 
used within the proposed conceptual framework to improve it. It was also a goal to implement these techniques, 
where appropriate, in order to demonstrate how they could be used to improve the performance and 
functionalities of the proposed tutoring environment. The report on and integration of fuzzy logic within my 
conceptual framework, the discussion on machine learning and induction, and its usage within a self-improving 
tutor, and the description of and implementation of neural networks within my conceptual framework clearly 
support this goal. 
A number of computerized modules was also developed to demonstrate how the most important techniques 
discussed and developed in this chapter can be implemented within an intelligent tutoring environment. These 
programs therefore also address one of the goals of this study (demonstrating the techniques developed in the 
chapter). 
The parts of the fuzzy logic based student modeler that are described in this chapter do not contribute any novel 
new ways, but point to unique combinations of existing techniques The induction- and neural network based 
self-improving procedures offer novel ways to improve the effectiveness and the performance of the tutorial 
module of an intelligent tutoring system Its novelty does not lie in the techniques, but rather in its selection of 
an application area for these techniques. They are used to revise and modify a student's recommended tutoring 
strategy - a strategy that was also determined in a novel way (see the previous two chapters). These self-
improving procedures therefore attempt to close the gap, if one does indeed exist, between a student's 
recommended tutoring strategy (according a fuzzy model of her/his learning- and I or thinking style preferences) 
and the strategies actually used by the student during tutoring sessions. 
Chapter 11: Motivation and the Tutorial Module of My Conceptual Framework 
This chapter's value does not lie in the development of new techniques, but in the novel combination of existing 
ones, the novel incorporation of these techniques in a general procedure that controls the whole tutoring process, 
and the unique modification of an existing technique and the adaptation thereof to be useful within my 
conceptual framework. A new procedure is created in the process. 
Fuzzy models of teaching/tutoring and learning, a fuzzy model of a student's expertise levels, a student 
modeling assessment matrix, a procedure that modifies tutoring strategies according to a student's historical 
selection of presentation elements, and a modified domain- and motivational based planner are combined 
within a general procedure that controls the tutoring process within my conceptual framework. The resulting 
domain- and motivational based planning assistant contains an integrated, computerized version of these 
techniques. This assistant therefore combines the techniques that were developed and described in chapters 8, 9 
and 10 and represents a valuable tool for both the traditional classroom and for intelligent, computer based 
tutoring environments. 
The following goals of this study are addressed by this general procedure and consequently also by the assistant: 
a) To construct a general framework for the development of intelligent, computer-based educational 
software for topics from operations research. This goal is supported by the general procedure that was 
sketched in the chapter This procedure can be adapted to also be usable in other domains. It controls the 
whole tutoring process within my conceptual framework. 
b) To incorporate leaming style and teaching and leaming models into teaching systems. The incorporation 
of models of teaching/tutoring and learning into the general procedure I the assistant illustrates this point. 
c) To construct a student model that could be transferred to other systems and domains. The incorporation 
of the fuzzy model of a student's expertise level, the assessment matrix, and the procedure that utilizes 
induction to modify the recommended tutoring strategy (according to a student's historical selection of 
presentation elements) into the procedure for a domain- and motivational based planner, provide support for 
this goal. 
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d) To develop computerized modules that demonstrate the most important techniques discussed and 
developed in this document. The demonstration of the domain- and motivational based planning assistant 
in action supports this goal. 
e) To develop a series of independent modules that could be used to improve the quality of traditional 
classroom instruction and that could be integrated within newly created computerized tutoring 
environments. The development of the domain- and motivational based planning assistant also backs up 
this goal. 
f) To provide novel ways on how to use technology to improve the quality of engineering- and more 
specifically LP education. If it is assumed (as the case is here) that the motivational tactics that are included 
in the if-then rules of the domain- and motivational based planner are applicable especially in situations 
where students are required to solve problems, then it is natural to conclude that it will have great value 
within engineering and LP courses. These courses typically require students to solve complex problems 
and a sensitivity on the part of the instructor in deciding when to move on to new material, when to 
reinforce current material and when to provide remediative procedures. The domain- and motivational 
based planning assistant assists in this process. 
2.2. Incorporating the Design Principles of Chapter 2 within My Conceptual 
Framework 
There can potentially be a lot of overlap between this section and the previous one. It was, however, felt that it 
is still important to include this section on its own, because it provides a way to see if the conceptual framework 
was indeed constructed according to the principles that were spelled out for its design in chapter 2. 
2.2.1. Satisfying the Four General Requirements 
A number of useable computer-based learning modules were developed to demonstrate how the various 
modules of the proposed conceptual framework look like: They can be used in a variety of ways to support the 
teaching of operations research. This includes computer support of lectures, computer-assisted learning, 
computer-based learning, a computer environment for calculations, and self-paced or open- access material. 
Examples of each of these ways are listed in chapter 2. Each of these ways can potentially improve the 
productivity of both the traditional teacher (and change its role!), and the student (the first design principle listed 
in section 4 of chapter 2). The various teaching/tutoring and learning assistants, as well as the domain- and 
motivational based planning assistant, also contribute to the fulfillment of this requirement. 
The modeling of the student's learning and thinking style preferences, his expertise level, and his motivational 
levels, and the consequent generation of individualized tutoring strategies, prove that my conceptual framework 
does indeed accommodate individual differences of its students and that it does model the student's motivational 
levels, including her/his level of control (second and third design principles of chapter 2). 
At this stage it should also be clear to the reader that my framework does indeed satisfy the requirement that it 
should allow the manipulation of different presentation modes and -elements so as to accommodate different 
types of learners (fourth requirement of chapter 4) . This principle is the foundation on which the construction of 
the tutoring strategies within my conceptual framework is based upon. 
2.2.2. Satisfying the Eleven Specific Requirements 
The eleven specific design principles are supported I implemented in the following ways: 
1. The framework does model the student's learning style (see the learning style models in chapters 8 and 9), 
motivational levels (see the modeling of the student's confidence, effort and independence levels in chapter 
11) and current knowledge state (see the fuzzy model of the student's expertise levels in chapter 10). 
2. The framework is indeed able to teach in a variety of ways (see the various models of teaching/tutoring and 
learning in chapters 7, 8 and 9), and it does determine what and when to teach (see the tutoring guidelines 
within the domain- and motivational based planner of chapter 11). 
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3. The domain expert module does represent the knowledge and problem solving expertise that the framework 
will try and teach to the student: How to build, formulate and solve LP problems and how to perform a 
sensitivity analysis on the solution (see the NLU based modeler and solver in chapter 3) . 
4. The student model does represent the student's level of OR knowledge - those techniques which the student 
has acquired, those which he has been exposed to and of which he has shown some understanding, and 
those he has not yet mastered (see the computerized adaptive testing procedures in chapter 4, the fuzzy 
model of the student's expertise levels in chapter 10 and the contents of the assessment matrix, also in 
chapter 10). 
5. The student model is only to some extent able to represent misconceptions or erroneous information which 
the student has, or is suspected to have, acquired. The fuzzy model of the student's expertise level describes 
to which degree the student has mastered the various concepts of the LP curriculum. It is therefore able to 
identify where possible problems in the student's understanding of a specific topic lie, but it does not 
actually identify qualitatively these specific misconceptions or problems. The framework functions on a 
more macro-level and does not keep a bugs catalogue (a possible shortcoming?). 
6. The student model does represent the student's learning preferences (see the learning and thinking style 
approaches in chapters 7, 8 and 9) and it does include a history of the student's problem solving behavior 
(by keeping a record of which presentation elements are consulted and by adapting its tutoring strategy 
accordingly - self-improving mechanisms of chapter 1 0). 
7. The student model does represent the most effective teaching strategy for the student (see the self-
improving mechanisms of chapter 10) and it does provide a measure of the student's learning ability and 
skills (see the fuzzy model of the student's expertise level and the assessment matrix in chapter 10). 
8. The tutor model does vary the system's teaching strategy for different students (according to the various 
models of teaching/tutoring and learning in chapters 8 and 9) and it does adapt its teaching according to a 
student's profile (see also the tutoring guidelines of the domain- and motivational based planner in chapter 
11 ). 
9. The tutor model does provide the student with help and explanations when this is asked for (see the tutoring 
guidelines in chapter 11 and the EPSS interface in chapter 4) or when there is a call for them as a result of 
an error or detection of misconceptions (the system provides remediative actions when needed and 
according to the tutoring guidelines of the domain- and motivational based planner in chapter 11 ). 
10. The tutor model does select appropriate OR problems for the student to solve, it does help the student 
acquire the right skills, it does monitor and criticize the student's performance, it does provide assistance 
upon request, it does select remedial action when the student makes a mistake, it does indeed know how to 
teach an individual student, it does know when it is appropriate to offer the student a hint, and it does know 
how far a student should be allowed to go down the wrong path. All these processes are controlled by the 
tutoring guidelines of the domain- and motivational based planner (chapter 11) and the learning style based 
tutoring components of the framework (described in chapters 6, 7, 8 and 9). 
11. The interface module does provide an user-friendly communication channel between the system and the 
student (see the modification to my initial EPSS interface in chapter 4). 
3. External Feedback Regarding My Conceptual Framework 
The author has given 28 formal presentations on the development of this study's conceptual framework during 
the period 1992 to 1999. The conceptual framework, or components thereof, were presented and demonstrated 
during these appearances.. A wide variety of conference audiences were addressed, and very useful feedback 
were received from them See appendix 16 for a list of these formal presentations. Numerous informal 
demonstrations and presentations were also made. Valuable feedback were again received, from colleagues, 
experts and students. This section attempts to provide a representative sample of the critical comments I 
received from the various audiences, and to provide my reaction to these criticisms. Most of the feedback was 
directly related to the design principles and the goals of this study and are consequently omitted, because they 
were addressed in the previous section. 
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3.1. I agree with people who say that ... 
A full scale implementation of the proposed conceptual framework is a realistic goal I possibility. 
Although it was not the aim of this study to develop a fully functional tutoring environment, but rather a 
conceptual framework for the development of such tutoring systems, a full scale implementation of the proposed 
conceptual framework is certainly a realistic goal. A team of professional experts and programmers should be 
put together for this purpose- similar to the one that is involved in the MENTOR project (see chapter 2). The 
MENTOR project proves that it can be done! The construction of this study's conceptual framework was 
essentially a one-man effort. The implementation thereof will, however, require a team, especially if it is going 
to be a commercial product or if it is going to be used more widely. 
The system should run within the Windows environment and should also possibly be integrated within a web-
based learning environment. 
When the author initially started with this study, MS DOS was still the operating system in use in his computing 
environment (1992). Many of the demonstration programs were consequently developed in a DOS 
environment. They can, however, be run in DOS-mode within Windows. A full-scale implementation should 
convert these modules into the Windows environment. The EasyTutor suite from Interactive Educational 
Software (http://www.easyteach.com) has already been identified for this purpose. A web-based version can 
also be considered. Carver , Howard and Lavelle (1996) have already shown how a learning style based tutor 
can be implemented as an internet-based tutor. 
The domain expert module cannot be easily expanded to also include non mathematical programming topics. 
The domain expert module consists primarily out of a NLU-based LP modeler and a LP Solver. Because the 
NLU based approach is subject specific, it will be, in general, difficult to easily expand it to other non-
mathematical programming domains. Remember that it is indeed relatively easy to expand it to also include 
other mathematical programming techniques, because of the similarities between LP and these topics, as was 
reported in section 5 of chapter 2. The structure of most other domains will, however, most probably not be that 
compatible. Other algorithmic domains like physics, statistics and accountancy could, however, also fit this 
model, as illustrated by the physics Tutor Albert (Oberem, 1986). -
The framework has not been tested by teachers I students; did not undergo an extensive evaluation by 
teachers and students. 
The conceptual framework has not undergone a formal evaluation session by teachers or students. The 
framework, or at least parts thereof, was, however, presented and demonstrated to hundreds of conference 
delegates (see appendix 16) and to colleagues, friends and students during informal sessions. The overall 
feedback was very positive, and many of the criticisms offered were incorporated in the framework as 
improvements. The design of the framework was based on well-founded principles and research and it should 
therefore be accepted as a well-designed system. The author does agree that a full-scale implementation of the 
system should be properly evaluated and field tested before it can be commercialized, or used more widely than 
locally. 
The author is currently involved in a project that utilizes this framework's methodology within a distance 
education course. The course makes use of direct television transmissions and computer-based tutorials and 
trains disadvantaged teachers in high school maths. See chapter 6 for more details . The results of this study 
will be available in the second half of 2000. 
Fuzzy learning style inventories are unique and intuitively make sense. 
It certainly makes more sense to describe somebody's preference for something in degrees rather than just 
classifying him or her as either having a preference for it, or not. The fuzzification of the various learning style 
inventories provided us with the vehicle to make these descriptions. Although the fuzzifications may have been 
done subjectively (with aid of expert opinions), it does illustrate a point. The package that was used (see chapter 
8), is very easy to use and the reader can therefore construct fuzzy learning style inventories of his own. 
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Although the MASTER method of teaching and learning was not fully implemented, it holds tremendous 
potential for future research and to be implemented in a multimedia-based environment. 
It is envisioned that all six steps of the MAS.T.E.R. method will be incorporated in future full-scale 
implementations of my conceptual framework. I have already shown in chapter 7 how the "Acquiring the 
Information" and "Searching Out the Meaning" steps can be computerized, individualized and included within 
my framework (the "A" and "S" in M.A.S.T.E.R). I have also shown in chapter 10 how the teaching of thinking 
can be computerized and individualized (by means of either a learning style- or (preferably) a thinking style 
based approach) and how it could assist the system in facilitating the "Exhibiting what you know" step within 
my conceptual framework (the "E"' in M.A.S.T.E.R The Memory Explorer from CAMP FILE 2005 (see 
chapter 5) actually is an implementation of the "Triggering your memory" step (the "T" in M.A.S.T.E.R), and 
the recommendations from Dunn's LSI can help the student to get motivated, create his optimal learning 
environment and consequently get in the right state of mind (the "M" in M.A.S.T.E.R). A so-called "Teaching 
and Learning (T & L) Reflector" will also be developed to implement the "Reflect on Your Learning" step (the 
"R" in M.A.S.T.E.R). It will allow the user to reflect on her/his learning experience by evaluating the 
usefulness of the tutoring strategy that was recommended by one of the teaching/tutoring and learning assistants. 
Future work will therefore include the integration of all these smaller systems in a complete tutoring 
environment. The potential of this method of teaching and learning was already spelled out in chapter 7. 
The author is currently, as was mentioned above, involved in a project that utilizes this framework's 
methodology within a distance education course. It uses the M.A.S.T.E.R. method of teaching and learning as its 
basic strategy. 
There definitely is a need for the so-called "Artificial Psychologist" within the educational system. 
Chapter 5, Section 2 presented evidence from four leading authorities regarding the need for a new skills-based 
curriculum for the next century. CAMP FILE 2005 is my attempt to electronically implement such a 
curriculum. Its implementation was motivated by the need for such a development, as spelled out by these 
leading authorities. 
Learning style based CBE&T is very important and supports the dream of individualized teaching and 
learning. 
The importance and the value of a learning style based approach towards teaching and learning was spelled out 
in great detail in section 3 of chapter 6. It discussed the advantages of learning style based approaches and 
spelled out what role it could play in combating high attrition rates in science and engineering. The importance 
of "teaching around the cycle" and the implications of a learning style based approach towards teaching and 
learning for the design of a computerized tutoring environment were also highlighted. The role of 
individualized instruction, especially within my proposed conceptual framework, was also addressed. 
The proposed conceptual framework has many applications, even I especially within the traditional 
classroom. 
It was one of the goals of this study "to develop a series of independent modules that could be used to improve 
the quality of traditional classroom instruction and that could be integrated within newly created computerized 
tutoring environments". Some of these traditional classroom applications were described or mentioned in 
section 2 above. 
The interdisciplinary nature of this study makes it extremely valuable and it addresses very appropriate and 
important issues. 
This study combines concepts and techniques from many different fields, including computer science, applied 
mathematics, operations research, education, psychology and educational psychology. Its contribution to 
knowledge and the field of computers in education was already spelled out in section 2 above. 
Stellenbosch University  https://scholar.sun.ac.za
352 
3.2. I disagree with people who say that ... 
The dream of intelligent tutoring systems belongs to the past. Intelligent tutoring systems are not practical or 
economically viable. 
Many researchers are currently busy developing intelligent authoring shells (lAS) that will assist teachers in 
designing and developing economic-viable intelligent tutoring systems of their own. The dream has therefore 
not died , on the contrary, it has blossomed with the coming of the lAS . An example of such an lAS is the one 
that is being developed at the University of South Australia. Its aim is to design an authoring shell that can 
reduce a teacher's effort in authoring tutoring systems that provides multiple teaching methods. See 
http: //www.cis .unisa.edu.au/acrc/ for more details. 
Student modeling is not natural and has no future within web-based learning environments. 
The merits of modeling a student's learning style were already defended earlier in this document, and an 
application thereof within a web-based environment was also described (Carver et al, 1996). The potential role 
of student modeling, learning styles and media preferences within adaptive web-based systems was also the 
topic of a workshop at the Sixth International Conference on User Modeling that was held in 1997 . . See 
http://www.contrib.andrew.cmu.edu/- plb/UM97 workshop/Danielson.htrnl for more details. These two sources 
both stress the tremendous potential of student modeling within web-based learning environments, and provide 
illustrating examples. 
The proposed conceptual framework cannot be adapted to function within the so-called "constructivist 
approach towards learning". 
Additional sets of presentation elements that specifically create a constructivist learning environment can very 
easily be added to the various learning style based approaches within my conceptual framework. The 
preferences of the various learning styles for these new presentation elements should also be defined. This will 
enable my framework to also function within the so-called "constructivist approach towards learning". It is 
important to stress that these new presentation elements will not be prescribed for everybody. Some students 
will not like it, but would rather prefer traditional step-by-step tutorials and drill-and-practice exercises. A 
student's learning style will determine which elements will be presented to him. The possible integration of 
cooperative learning activities within my conceptual framework should be handled in the same way. 
The "Artificial Psychologist" (CAMP FILE 2005) does not add value. 
The formulation of a 21 st century curriculum, the consequent development of a number of independent 
computer modules to implement this curriculum and the incorporation of all these independent modules within 
CAMP FILE 2005 is unique. CAMP FILE 2005 is the first independent computer model the author is aware of 
that electronically makes such a comprehensive skills-based curriculum for the 21 st century available -
available for integration within both computer-based educational software and within the traditional classroom. 
The integration of CAMP FILE 2005 within my conceptual framework is also unique in the sense that it creates 
the first intelligent tutoring environment that attempts to simultaneously learn the student about linear 
programming and about a wide variety of essential skills for the 21 st century. I must therefore strongly 
disagree with people who say that CAMP FILE 2005 does not add value. 
The proposed conceptual framework cannot be extended to include other topics and it is therefore a 
meaningless exercise to even try to implement it. 
General procedures were developed for the learning style based approach towards tutoring (see chapters 7 and 
8), for other student modeling procedures (like the fuzzy model of the student's expertise level in chapter 10 and 
the modeling of the student's confidence, effort and independence levels in chapter 11) and for the domain- and 
motivational based planner (see chapter 11). The presentation elements can also be adapted to be functional in 
other domains. I therefore tend to disagree with this criticism. A detailed description on how this conceptual 
framework can be extended to also include other domains is provided in the next section. 
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Students were not consulted in the development of the framework and their opinions were not collected and 
analyzed. 
The conceptual framework, or parts thereof, were presented and demonstrated to hundreds of people during 28 
formal and numerous informal sessions. The feedback I received during these sessions made a substantial 
contribution in shaping the framework. The feedback from students was in fact some of the most valuable ones. 
The thinking skills exercises that are based on Edward de Bono's work (within the so-called "Environment 
for the Gifted'') do not provide any enrichment or broadening of students' views and are not meant to be 
applied to technical topics like linear programming. 
The student is challenged within a so-called "environment for the gifted" to apply some of De Bono's 
generalisable thinking tools to the LP curriculum. Because the student has by then already mastered the basics 
of the curriculum, the content should not restrict the student from both learning how to think and learning about 
the curriculum. Because these tools have also been proved by research (Edwards, 1992) to be generalisable, 
there is no reason why they should or could not be applied to the curriculum. These thinking skills exercises 
will therefore at least enrich the student's understanding of linear programming, introduce him to important 
thinking skills and develop his thinking style flexibility. Section 4.2.5 in chapter 9 provides research results that 
supports my approach. It reports on a study where De Bono's thinking tools were infused throughout a 
curriculum. The results were overwhelmingly positive. 
Mappings within the various models of teaching I tutoring and leaming are not valid- the resulting student 
models are consequently inaccurate and wrong recommendations regarding teaching I tutoring I learning 
strategies are the result. 
These mappings between learning style dimensions and presentation elements were done with the greatest care 
and with the help of experts and excellent literature resources. They do, however, remain subjective. To 
overcome this potential shortcoming, some of the newest teaching/tutoring and learning assistants make 
provision for the user to make these mappings himself. See for example the V AK Style Based Assistant in 
section 5.6 of chapter 7. The user can, if he is not completely satisfied with the default degrees of compatibility 
between presentation elements and V AK styles, define new degrees of compatibility I suitability for each of the 
presentation elements and learning styles. He may even defme his own presentation elements! 
The proposed conceptual framework is very complex, difficult to implement and will run only in a DOS 
environment. It will be a very costly exercise to adapt it to run in a Windows environment. 
It is actually only the user interface that is effected by this change of operating system. All the other modules 
will function perfectly well within Windows. The author has already identified an authoring system, namely 
EasyTutor (see http://www.easyteach.com) that will make the required conversions as painless and affordable 
as possible. The framework does, of course, already run within a DOS-window within the Windows operating 
system. 
This study is irrelevant for Departments like Applied Mathematics and Statistics and for Faculties like 
Science and Engineering. 
The potential usage of the various teaching/tutoring and learning assistants to help combat the high attrition 
rates in science and engineering (see chapter 6) is already reason enough for it to be taken seriously by these 
departments and faculties . The framework's contribution to the quality of engineering education (highlighted 
throughout this document) and of course the fact that it is a tutoring environment for the teaching of operations 
research, also strongly support its relevance for these faculties and departments. 
Leaming styles cannot really be determined successfully - it is therefore a meaningless exercise to try to 
model it. 
The mere existence of the various LSI's contradicts this statement. All the LSI's listed in this document are well 
tested, validated and documented. They can therefore be used to determine a student's learning style. 
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4. Extending the Conceptual Framework 
4.1. Extending the Framework to Other Domains 
4.1.1. Introducing RECTOR 
The aim is to eventually extend a full-scale implementation of GEORGE to not only be a computer-based tutor 
of LP topics, but to also become a Resourceful Environment for the Clever Tutoring of other Operations 
Research techniques (RECTOR). The immediate goal will be to include other mathematical programming (MP) 
topics like game theory, classical optimization, integer programming, quadratic programming (restricted non-
linear programming}, unrestricted non-linear programming, goal programming, deterministic dynamic 
programming, network flows and some more LP techniques. These topics have some striking similarities: 
Within each typical problem descriptions can be found, model building should first take place before a problem 
could be solved, a specific technique has to be applied to the resulting mathematical model to solve a problem, 
and sensitivity analysis procedures exist. These similarities allow us to use GEORGE's domain expert module 
as the basis for RECTOR. A MP Modeler, a MP Solver and a MP Solution Analyzer can be developed and used 
in combination with modified versions of GEORGE's other modules to create RECTOR. 
4.1.2. How to Extend the Framework 
Livergood (1991) developed general procedures for the design of intelligent tutoring systems (ITS). Although 
my framework does not represent a full-blooded ITS, but rather an intelligent, learning style- and computer-
based educational system, these principles are still, broadly speaking, applicable to my project. For each MP 
topic one will therefore have to determine the learning objectives, the target audience, the kinds of material 
which will be presented, the complexity of the material required, the kind of mode which is appropriate, the 
instructional paths, and the software and hardware specifications. MP material should also be gathered, 
segmented and sequenced. Once these general design procedures have been completed, one can start 
implementing specific ones and modify the problem solving-, the generic questioning-, the presentation-, CAMP 
FILE 2005, the student model- and the tutorial modules of GEORGE. This will allow it to accommodate the 
new MP techniques and become RECTOR! See appendix 1, section 4. 
A computerized problem solver should be developed for each MP topic. It should be capable of automatically 
understanding textbook descriptions of MP problems by means of a pattern recognition NLU system, to 
formulate mathematically models thereof, to solve it and to perform a sensitivity analysis thereof (if applicable). 
Unlike in the rest of the modules of RECTOR, within which the basic structures of GEORGE can be used, 
procedures will have to be implemented from scratch to perform these modeling and solution techniques. The 
newly created problem solving module will therefore consist of a NLU-based MP Modeler, a MP Solver and a 
MP Solution Analyzer. These components will play a major role in RECTOR, especially in the generic 
questioning- and the presentation modules. 
Basically the same programming environment as in GEORGE will be utilized to implement the generic 
questioning module in RECTOR. Although the focus of the instructional objectives will change from LP to 
some other MP technique the format will stay the same. The generic scenario will now contain text book 
descriptions of MP problems and the generic questions will follow directly from the learning objectives. New 
MP problem statements and new tutoring and testing material will be created by the coordinator when he 
interacts (in a way similar as in GEORGE) with the MP modeler, the MP Solver and the MP Analyzer. The fact 
that the same basic structure will be used will reduce the development time and cost considerably. 
The presentation elements used in GEORGE should be adapted for usage in RECTOR. Two types of 
presentation elements can be distinguished: Those that should be integrated with the new components of the 
problem solving- and generic questioning modules in RECTOR, and those that should only receive new subject 
material but could otherwise be used just as it is. 
Procedures for CAT, the computerized problem solver, teaching games, step-by-step tutorials, drill-and-practice 
exercises, demonstrations, examples, monitoring systems and the navigation facility should be integrated with 
MP Modeler, MP Solver and MP Analyzer. Although additional programming will have to take place to 
achieve this, the corresponding procedures in GEORGE could be used as role models and this could reduce 
development time drastically. 
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It will only be necessary to populate the point-and-query interface, the mind map presentation, the facility to 
build mind maps, the flowcharts, the step charts, the diagrams, the pseudo-code, the theoretical and practical 
readings, the descriptions, the explanations, the case studies, the asking of stimulating questions, the opportunity 
to reflect/think, the role playing and the WWW Exploration presentation elements with new subject material (on 
a specific MP technique) . Only data files will therefore have to be created- no additional programming will be 
necessary. 
The various teaching/tutoring and learning assistants and CAMP FILE 2005 an be transferred without changes 
to RECTOR's . A new MP Enricher should, however, be created. Fortunately no additional programming will 
be necessary to achieve this - it is only required of the designer to identify areas of the various MP techniques to 
which De Bono's thinking skills should be applied. 
The beauty of our framework is further underlined by the fact that the student model of GEORGE can almost be 
used exactly as it is in any further extensions that include new application areas, like in RECTOR: The fuzzy 
models of the student's learning style will function in exactly the same manner as in GEORGE; the fuzzy model 
of a student's expertise level will only change its focus from LP to the new MP technique and will use the same 
procedures; the updating of the assessment matrix will only need a few slight adjustments to be useable in a new 
domain; and the neural network and I or the induction process that is used to intelligently modify the most 
successful tutoring strategies for a specific student is also used exactly as it is. It therefore requires relatively 
little time and programming to change the student model of GEORGE so that it can be useable in new domains. 
The same procedures as was used in GEORGE will be used in RECTOR to construct suitable tutoring strategies. 
The domain- and motivational-based planner that controls the tutoring process will, however, have to change. 
The new domain and the new student modeling procedures will have to be taken into consideration, but the 
motivational tactics will remain the same. Updating the tutorial module will probably take, apart from the 
problem solving and presentation modules, the most time when GEORGE is converted to RECTOR. 
It will be possible to use RECTOR, and parts thereof, in a very similar way as in GEORGE, to supply computer 
support of lectures, to provide computer-assisted learning, to conduct computer-based learning, to create a 
computer environment for calculations and as a source of self-paced and open-access material. Because 
RECTOR will use GEORGE as a role model and the above provided design principles as guidelines, a 
considerable saving in development time and cost can be expected. 
4.2. Further Future Applications 
The following is a list of possible further future applications of the conceptual framework, or parts thereof (apart 
from field-testing it and extending it to other domains):: 
• Explicit student models will be used in the traditional classroom to raise the standard of teaching and 
learning and to improve overall performance of students. 
• The "if-then" rules of the domain- and motivational-based planner will and should be taught to traditional 
classroom teachers. 
• Success in the 21 st century is dependent on the ability of the individual to learn quickly (to accelerate his 
learning) and to think effectively (to become a creative analyst). Our system can and will be used to learn 
individuals how to learn and how to think (CAMP FILE 2005 will play a central role in this regard). 
• Accelerated learning (the M.A.S.T.E.R. method of teaching and learning), the world-wide-web, the internet 
style of learning and the so-called "constructivist" approach towards learning are the future . GEORGE will 
be adapted to function within this scenario (and to run in Windows!). 
• Both students and teachers can benefit enormously by utilizing the various teaching/tutoring and learning 
assistants .. 
• Skills in and knowledge of the techniques of our "Environment for the Gifted" will ensure experts in linear 
programming. 
• "GEORGE in Action" satisfies all the requirements of the various models of teaching and learning and can 
therefore be used as a role model for other developments (It is currently being used in a distance education 
course on functions which utilizes the power of both the computer and interactive television with satellite 
feedback) . 
• Fuzzy technology are changing the world - it will also influence the administration and implementation of 
teaching I tutoring strategies. 
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Appendix 1 
A Linear Programming Curriculum and Other Mathematical 
Programming Topics 
1. Modules in LP Curriculum 
1.1. Introduction To Linear Programming 
1.2. Building Mathematical Models 
1.3. Classification OfLP Problems With A Taxonomy 
1.4. Simplex As Solution Method 
1.5 . Application OfDuality Theory 
1.6. Dual Simplex Method To Correct Feasibility 
1.7. Sensitivity Analysis Part 1 
1.8. Sensitivity Analysis Part 2 
1.9. Sensitivity Analysis Part 3 
1.10. Sensitivity Analysis Part 4 
1.11. Transportation Algorithm 
1.12. Vogel's Starting Procedure For Transportation Algorithm 
1.13. Transportation Sensitivity Case 1 
1.14. Transportation Sensitivity Case 2 
1.15. Transportation Sensitivity Case 3 
1.16. Transportation Sensitivity Case 4 
1.17. Transportation Sensitivity Case 5 
1.18. Hungarian Solution Method For Assignment Problem 
2. Concepts within Modules of LP Curriculum 
2.1. Introduction To Linear Programming 
Numerical Search Procedure; Problems With Not Too Many; Problems With Many; Constraints Not Referring; 
Algebraic Graphical Solution; AG Setup And Feasible Region; AG Determine Vertices; AG Coordinates Of 
Vertices; AG Optimal Vertices; Graphical Solution; Graphical Setup And Feasible Region; Graphical 
Determine Vertices; Graphical Optimal Vertices; Graphical Optimal Coordinates. 
2.2. Building Mathematical Models 
Begin Modeling; Problem Pictured; Problem Stated; Problem Written; Problem Classified; Model Selected; 
Variables Defmed; Objective Transformed; Objective Checked; Constraints Transformed; Constraints Checked; 
Units Checked; Provide Model; End Modeling. 
2.3. Classification Of LP Problems With A Taxonomy 
Begin Classification; Product Involved; One Or More Products; Get Product Names; Production Costs; One Or 
More Time Periods; Production Scheduling Frame; Blending Frame; Cost Of Ingredients; Mixture Important; 
Product Mix Frame; Transportation Costs; Transportation Frame; Assigning Workers; Assignment Frame; 
Purchasing Equipment; Investment Frame; Placement Of Equipment. 
2.4. Simplex As Solution Method 
Set Up Indicator; Z Minus C Indicator; Pivot Col Indicator; Pivot Row Indicator; Pivoting Indicator; Theta 
Indicator; Solution 1 Indicator; Solution 2 Indicator; Stop 1 Indicator; Stop 2 Indicator. 
2.5. Application Of Duality Theory 
Begin Application Of Duality Theory; Relationship Between Primal And Dual Problems; Theorems On Primal 
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And Dual Objective Functions; Complementary Slackness Theorem; Zj Values And Optimal Dual Solutions; 
Interpretation Of Dual Problem; Dual Simplex Metho~ Explained; End Application Of Duality Theory. 
2.6. Dual Simplex Method To Correct Feasibility 
Begin Dual Simplex; Negative Basic Variables; Get Pivot Row; Negative Pivot Row; Get Pivot Column; 
Computed New Tableau; Feasible Solution Found; Infeasibility; End Dual Simplex. 
2.7. Sensitivity Analysis Part 1 
Begin Analysis Part I; Provide Optimal Solution; Interpret Auxiliary Variables; Complete RHS Analysis; RHS 
Theoretical Background; Determine Inverse Matrix; Determine Basic Variables; Calculate Binverse Times 
Vector b; Calculate Upper And LowerBounds RHS; Interpret RHS Analysis; Complete Objective Function 
Analysis; Optimality Criterion; Calculate Upper And LowerBounds On Objective; Interpret Objective Analysis; 
Goto Part 2. 
2.8. Sensitivity Analysis Part 2 
Begin Analysis Part 2; Change Component OfRHSVector; RHS Change Inside Boundaries; RHS Change New 
Values Of Basic Variables; RHS Change New Objective Function Value; RHS Change Find New RHS Vector; 
RHS Change Dual Simplex To Correct Feasibility; RHS Change New Optimal Solution; Change Component Of 
Objective Function; Objective Change Inside Boundaries; Objective Change New Optimal; Objective Change 
New Z Minus C; Objective Change Simplex Method; Objective Change New Optimal And Variables; Goto Part 
3. 
2.9. Sensitivity Analysis Part 3 
Begin Analysis Part 3; Add New Variable To Optimal Solution; Part 3A Modify Mathematical Model; Part 3A 
Include New Variable In RHS; Part 3A New Values For Basic Variables; Part 3A Addition Of New Variable To 
Tableau; Part3A Simplex Iterations To Find Optimal; Change Coefficients Of Variable; Temporarily 
Assignment Of Change To Variable; Part 3B Modify Mathematical Model; Part 3B Include Tempo New 
Variable In RHS; Part 3B New Values For Basic Variables; Part 3B Merging Of Parts Of Changing Variable In 
Tableau; Changing Variable Basic; Row Operations To Correct Basic; Part 3B Dual Simplex To Find Optimal; 
Part 3B Simplex Iterations To Find Optimal; Goto Part 4. 
2.10. Sensitivity Analysis Part 4 
Begin Analysis Part 4; Remove Variable From Optimal Tableau; Part 4 Basic Variable; Part 4 Modify 
Mathematical Model; Part 4 Use Simplex To Find Solution; Modified Version Of Changing Coefficients; Add 
New Constraint To Model; Constraint Satisfied; Current Solution Remain; Add Slack And Constraint; 
Correcting Simplex Form; Dual For Feasibility And Optimum; Remove Constraint From Tableau; Active 
Constraint; Active Modification; Active Use Of Simplex; End Sensitivity Analysis. 
2.11. Transportation Algorithm 
Vogel's IBFS; Solve Dual Equations; Evaluate Objective Row; Objective Row Non Positive; Entering Transport 
Variable; Decreasing Basic Variables; Departing Transport Variable; Adjust Departing; Adjust Entering; Adjust 
Other Basic; Optimal Transport; End Transport. 
2.12. Vogel's Starting Procedure For Transportation Algorithm 
Begin Vogel; Compute Differences; Select Largest Difference; Allocation To Cell; Decrease Supply; Decrease 
Demand; SD Constraints Satisfied; Cross Off Either; Supply Constraint Satisfied; Cross Off Row R; Demand 
Constraint Satisfied; Cross Off Column S; Exactly One Remains; Complete Starting Solution; End Vogels 
Method. 
2.13. Transportation Sensitivity Case 1 
Begin Use Of A Specific Route; Optimal Tableau With RAnd K Values For Route; Name Specific Route; 
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Route Entering Variable; Route Decreasing Basic Variables; Route Departing Variable; Route Departing 
Variable Adjustment; Route Entering Variabl.e Adjustment; Route Other Values Adjustment; 
Route Optimal And Marginal; Route Maximum Redistribution; Route Usage Smaller Than; 
Impossible Route; End Use Of A Specific Route. 
2.14. Transportation Sensitivity Case 2 
Begin Balanced Supply; Balanced Supply Initial Optimal; Particulars About Balanced Supply; BS Identify 
Increase And Decrease Rows; BS Select Cell For Decrease And Decrease; BS Select Cell For Increase And 
Increase; Increase Decrease Balanced; BS Rename Rows; BS Redistribution And Marginal Effect; Suggested 
Increase In Limits; BS Impossible Choice; BS Optimal Solution; End Balanced Supply. 
2.15. Transportation Sensitivity Case 3 
Begin Balanced Demand; Balanced Demand Initial Optimal; Particulars About Balanced Demand; BD Identify 
Increase And Decrease Columns; BD Select Cell For Decrease And Decrease; BD Select Cell For Increase And 
Increase; BD Increase Decrease Balanced; BD Rename Columns; BD Redistribution And Marginal Effect; BD 
Suggested Increase In Limits; BD Impossible Choice; BD Optimal Solution; End Balanced Demand. 
2.16. Transportation Sensitivity Case 4 
Begin Increase In Supply; IS Optimal Tableau With RAnd K Values; Particulars About Increase In Supply; IS 
Determine Marginal Effect; Creating A Dummy Demand; IS Find Cell To Increase And Increase; IS Find Cell 
To Decrease And Decrease; IS Row R Equals Row Max; IS Row Assignment; IS Calculate Maximum 
Redistribution; IS Suggested Increase Smaller Than Maximum; IS Impossible Solution; IS Optimal Solution; 
End Increase In Supply. 
2.17. Transportation Sensitivity Case 5 
Begin Increase In Demand Increase In Supply; IDIS Optimal Tableau With RAnd K Values; Increase Cell With 
Increased Demand; IDIS Determine Marginal Effect; IDIS Find Cell To Decrease And Decrease; IDIS Find Cell 
To Increase And Increase; IDIS Row S Equals Row Min; IDIS Row Assignment; IDIS Calculate Maximum 
Redistribution; IDIS Suggested Increase Smaller Than Maximum; IDIS Impossible Solution; IDIS Optimal 
Solution; End Increase In Demand Increase In Supply. 
2.18. Hungarian Solution Method For Assignment Problem 
Begin Hungarian; Hungarian Assumptions; Row Column Subtraction; New Cost Matrix; Zero Row 
Assignments; N Zeroes Assigned; Reassign Zeroes; Assignment Completed; Zero Covering; Smallest 
Uncovered; Cover And Uncover Operations; Assignment Optimum; End Hungarian. 
3. References Consulted in Compiling the Curriculum 
The following references were consulted in the compilation of this curriculum: (Adams & Gewirtz & Quintas, 
1969); (Cooper & Narayan Bhat & LeBlanc, 1977); (Daellenbach & George, 1978); (Gevers, 1992); (Jensen, 
1986); (Kolman & Beck, 1980); (Phillips & Ravindran & Solberg, 1976); (Sklar & Pick & Vesprani & Evans, 
1990); (Snaddon, 1991); (Srinath, 1983); (Strayer, 1989); and (Swanson, 1980). 
4. Potential Application Areas in Mathematical Programming - Typical 
Problem Descriptions and Modeling and Solution Techniques 
The following demonstrative examples from game theory, classical optimization, integer programming, 
quadratic programming (restricted non-linear programming), unrestricted non-linear programming, goal 
programming, deterministic dynamic programming, network flows and some more LP techniques were taken 
from the references listed above (in section 3). 
Stellenbosch University  https://scholar.sun.ac.za
374 
4.1. Game Theory 
4.1.1. Typical Problem Description 
Two players A and B choose a number from 00, 01, 10 and 11. If the second digit of A's number coincides with 
the flrst digit of B's number, then A gets a pay-off equal to the sum of the flrst digits of A's and B's selections. 
A similar rule applies to B's pay-off. Write down the pay-off matrix for A and determine the optimal strategy 
and the value of the game. 
4.1.2. Modeling and Solution Techniques 
Formulate the game theory problem as a linear programming problem. 
Use the techniques of linear programming to solve the problem and to perform a sensitivity analysis on the 
solution. 
4.2. Classical Optimization 
4.2.1. Typical Problem Description 
A subcontractor has to supply a given part at a rate of 20 units per day. One day's supply is brought to the 
customer every morning. The subcontractor produces these parts in batches of Q units at a rate of 50 units per 
day. It costs him $7.50 to hold one unit in stock for one month. The contract provides for a late delivery 
penalty of $2 per part per day late. Each time a production batch is started, there is a production set-up cost of 
$4000. The objective is to fmd the optimal batch size Q and the optimal amount Z of late deliveries for each 
replenishment cycle. Assume a month has 20 working days. 
Find an expression for the sum of annual production set-up costs, inventory holding costs, and late delivery 
penalties as a function of Q and Z. 
Determine the optimal values of Q and Z, and check whether sufficient conditions for a minimum are satisfied. 
Determine whether the total cost function is convex or concave. 
4.2.2. Modeling and Solution Techniques 
Necessary and sufficient conditions for extreme points of functions. 
Convex and concave functions. 
Restricted optimization and Lagrange multipliers. 
Interpretation of Lagrange multipliers. 
4.3. Integer Programming 
4.3.1. Typical Applications 






Traveling salesman problem. 
Scheduling problems. 
The fixed-charge problem. 
Assembly-line balancing problem. 
A plant upgrading problem. 
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4.3.2. Typical Problem Description 
The ABC Furniture Store has to make 5 deliveries to customers in rural areas in an afternoon. The weights of 
the deliveries are as follows: customer 1, 50 kg; customer 2, 150 kg; customer 3, 250 kg; customer 4, 500 kg; 
and customer 5, 1000 kg. The company's 4 vans vary in carrying capacity as follows : van A, 250 kg; van B, 750 
kg; van C, 1250 kg; and van D, 1250 kg. 
If van A is used, it costs $100 per run regardless of the load. Similarly van B costs $150, and vans C and D each 
cost $200 per run. Due to distance customers 3 and 4 cannot both receive deliveries from the same van. 
Formulate the problem of allocating deliveries to each of the vans as a minimum cost integer program. 
This is an example of the covering problem. 
4.3.3. Modeling and Solution Techniques 
Formulation and setting up of a mathematical model. 
Solve with the branch and bound algorithm and the cutting plane technique. 
Perform a sensitivity analysis of the solution. 
4.4. Quadratic Programming (Non-linear Programming with Restrictions) 
4.4.1. Typical Problem Description 
A manufacturer makes three products. The sales volume of each product is dependent on its price, and in one 
case, product 3, sales volume is also dependent on the price of another product. The marketing division 
estimates the following relationship between monthly sales volume Xj (thousands of units) and unit price Pj for 
each product: 
Xt=IO-Pl 
X2 = I6-P2 
x3 = 6- o.s P3 + o.2s P2. 
The variable costs for the three products are $6, $7, and $10 per unit, respectively. 
Production is limited by available machine time and manpower. Each month I 000 machine-hours and 2000 
man-hours are available . Product I uses 0.4 machine-hour and 0.2 man-hour per unit, product 2 uses 0.2 
machine-hour and 0.4 man-hour per unit, and product 3 uses 0.1 hour of each per unit. The manufacturer wishes 
to fmd the monthly sales schedule that will maximize profits. Total profit for each product is equal to total 
revenue minus total variable cost for the product. 
4.4.2. Modeling and Solution Techniques 
Kuhn-Tucker conditions. 
Reduced Gradient Method. 
Penalty methods. 
4.5. Unrestricted Non-linear Programming 
4.5.1. Typical Problem Description 
A manufacturer makes three products. The sales volume of each product is dependent on its price, and in one 
case, product 3, sales volume is also dependent on the price of another product. The marketing division 
estimates the following relationship between monthly sales volume Xj (thousands of units) and unit price Pj for 
each product: 
Xt = IO-Pt 
x2 = 16- P2 
x3 = 6- o.s P3 + o.2s P2. 
The variable costs for the three products are $6, $7, and $10 per unit, respectively. 
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The manufacturer wishes to fmd the monthly sales schedule that will maximize profits. Total profit for each 
product is equal to total revenue minus total variable c.ost for the product. 
4.5.2. Modeling and Solution Techniques 
Algorithm for Golden Search. 
Newton's method. 
Gradient methods. 
Method of steepest ascent. 
Quasi-Newton methods. 
4.6. Linear Programming 
4.6.1. Typical Applications 











4.6.2. Typical Problem Description 
A furniture manufacturer produces two types of desks: standard and executive. These desks are sold to an office 
furniture wholesaler, and for all practical purposes, there is an unlimited market for any mix of these desks, at 
least within the manufacturer's production capacity. Each desk has to go through four basic operations: 
cutting the lumber, joining the pieces, prefmishing, and final finishing. Each unit of the standard desk produced 
takes 0.8 hours of cutting time, 2 hours ofjoining, 0.67 hours ofprefmishing, and 5.33 hours offmal finishing 
time. Each unit of the executive desk produced requires 1.2 hours of cutting, 3 hours of joining, 2 hours of 
prefinishing, and 4 hours of fmal fmishing time. The daily capacity for each operation amounts to 16 hours of 
cutting, 30 hours of joining, 16 hours of prefinishing, and 64 hours of final finishing time. The profit per unit 
produced is $40 for the standard desk and $50 for the executive desk. What product mix is optimal? 
4.6.3. Modeling and Solution Techniques 
Formulation and building of mathematical models. 
Two-phase solution method. 
Transportation algorithm. 
Hungarian method. 
Dual Simplex method. 
Sensitivity Analysis. 
4.7. Goal Programming 
4.7.1. Typical Problem Description 
The superintendent of a country hospital is the reviewing the staffing needs of the wards for nursing care. 
Because the hospital is being financed by public funds, the superintendent feels the obligation to keep running 
costs low while providing a good but not extravagant service. The service quality depends largely on the 
number of nurses employed. Past experience indicates that for this hospital at least 100 trained nurses are 
needed to provide satisfactory service. As a public hospital, there is also the social obligation to provide 
training for student nurses, with the training role falling largely on the trained nursing staff. In terms of meeting 
the workload, two student nurses are equivalent to one trained nurse. Good practice also indicates that the ideal 
ratio of trained nurses to student nurses is about 4 to 3. The current budget allocates $124 000 per month for 
Stellenbosch University  https://scholar.sun.ac.za
377 
nursing staff. Trained nurses get $1200 per month, while student nurses cost the hospital $800 per month in 
pay, food and lodging, and teaching expenses. The student nurse home has accommodation for 60 people. 
Consider the restriction of places at the student nurse home as the only hard constraint, while all other 
relationships are goals. Assume that the ideal ratio of trained nurses to student nurses has the highest priority, 
the satisfactory service level second priority, and the budget goal third priority. Formulate as a goal 
programming problem and find the optimal solution. 
4.7.2. Modeling and Solution Techniques 
Building of a mathematical model. 
Sequential Procedure for Preemptive Goal Programming. 
Streamlined Procedure for Preemptive Goal Programming. 
4.8. Deterministic Dynamic Programming 
4.8.1. Typical Applications 
A routing problem. 
A rental decision problem. 
Resource allocation problems. 
An equipment replacement model. 
Knapsack-type problems. 
Production scheduling over time. 
Assortment (or trim) problems. 
Multistage processing operations. 
Control of chemical processes. 
4.8.2. Typical Problem Description 
A product is produced by a batch process. The set-up cost per batch amounts to $10. The variable production 
cost is $8 for the first unit produced, $6 for the second, $4 for the third, and $3 for each additional unit. The 
maximum production capacity per week is 6 units. The product can be stored in inventory at a cost of $2 per 
week. The beginning inventory is zero, and no inventory is wanted at the end of the planning horizon. 
If the demand over the next 8 weeks is 2, 1, 2, 3, 0, 1, 3 and 3, formulate the recursive relation of dynamic 
programming, and find the optimal solution using a backward formulation, i.e. starting at the end of the planning 
horizon. 
4.8.3. Modeling and Solution Techniques 
Forward formulation (begin at the beginning of the planning horizon). 
Backward formulation (begin at the end of the planning horizon) . 
Decomposition. 
Recursivity. 
Principle of optimality. 
Sensitivity analysis. 
4.9. Network Flow Problems 
4.9.1. Definition 
The maximum flow problem involves flow through the branches of a network. The network represents some 
physical system with a commodity flowing through the branches. Flow enters and leaves the system at the 
nodes. Nodes also act as transshipment points, collecting flows from entering branches and disbursing flows on 
leaving branches. Flow is conserved at the nodes. The amount of flow entering a node must also leave it. Each 
branch in the network has some given capacity for flow. The problem is to find the maximum flow that can be 
sent through the branches of the network from some specified node, called the sow·ce node, to a second 
specified node, called the sink node. Applications of this problem could include finding the maximum flow of 
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orders through a job shop, the maximum flow of water through a storm sewer system, or the maximum flow 
through a product distribution system. 
4 .9.2. Modeling and Solution Techniques 
Graphical representation of the network. 
Algorithm to fmd the maximum flow. 
Algorithm to find the minimum cut. 
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Appendix 2 
Textbook Descriptions of Linear Programming Problems - A 
Representative Sample 
1. Product Mix Problems 
I. A furniture manufacturer produces two types of desks: Standard and Executive. These desks are sold to an 
office furniture wholesaler, and for all practical purposes there is an unlimited market for any mix of these 
desks, at least within the manufacturer's production capacity. Each desk has to go through four basic 
operations: cutting the lumber, joining the pieces, prefmishing, and final finishing. Each unit of the 
Standard desk produced takes 48 minutes of cutting time, 2 hours of joining, 40 minutes of prefinishing, 
and 5 hours and 20 minutes of final finishing time. Each unit of the Executive desk produced requires 72 
minutes of cutting, 3 hours of joining, 2 hours of prefinishing, and 4 hours of fmal finishing time. The daily 
capacity for each operation amounts to 16 hours of cutting, 30 hours of joining, 16 hours of prefinishing, 
and 64 hours of final finishing time. The profit per unit produced is $40 for the Standard desk and $50 for 
the Executive desk. What product mix is optimal? 
2. A farmer wishes to determine the best selection of stock for his fann, his objective being to maximize the 
profit after sale of the animals at the end of the period. The alternatives available are: Merino sheep, 
Romney sheep, Southdown sheep, Hereford cattle, and Jersey cattle. The farmer has calculated that each 
Merino would require 1 acre of land and would cost $1.50 in extra feed, treatment, etc. The purchase price 
is $6, and the farmer estimates the selling price at the end of the period will be $10. For Rornneys, the 
corresponding figures are 1 acre, $1.75, $4.25, $9.00; for Southdowns: 1 acre, $1, $3, $6; for Herefords: 4 
acres, $15, $30, $60; for Jerseys: 6 acres, $12, $28, $58. The size of the farm is 400 acres, and the farmer 
has $3800 with which to purchase and maintain the stock. Formulate this problem as a linear program 
maximizing profits. 
3. A fiberglass boat manufacturer produces four different models that have to go through three different 
operations: molding, painting, and finishing. Each unit of model 1 produced requires 20 minutes of molding 
time, 40 minutes of painting time, and 80 minutes of finishing time. Each unit ofmodel2 produced requires 
20 minutes of molding time, 30 minutes of painting time, and 50 minutes of fmishing time. Each unit of 
model 3 produced takes 16 minutes of molding time, 30 minutes of painting time, and 60 minutes of 
finishing time. Each unit of model 4 produced takes 14 minutes of molding time, 25 minutes of painting 
time, and 50 minutes of finishing time. 220 gallons of molding compound are consumed for by unit of 
model 1, 200 gallons are consumed by one unit of model 2, 140 gallons are consumed by one unit of model 
3, and 100 gallons are consumed by one unit ofmodel4. 480 minutes are available for molding per day, 960 
minutes for painting, and 1440 minutes for finishing. 5000 gallons of molding compound are available per 
week. The profit on each unit of model 1 is $340 , on model 2 units it is $220 , on model 3 units it is $200 , 
and on model4 units it is $160. 
Sales forecasts project that not more than 8 units of model 1 and at least as many units of model 4 as of 
model 2 should be produced per week. Except for this restrictions, demand would be sufficient to absorb 
any amount produced. Formulate as a linear program. 
2. Blending Problems 
1. A coffee packer blends Brazilian coffee and Columbian coffee to prepare two products: Super and Deluxe 
brands. Each kilogram of Super coffee contains 0.5 kilogram of Brazilian coffee and 0.5 kilogram of 
Columbian coffee, while each kilogram of Deluxe coffee contains 0.25 kilogram of Brazilian coffee and 
0.75 kilogram of Columbian coffee. The packer has 120 kilograms of Brazilian coffee and 160 kilograms of 
Columbian coffee on hand. If the profit on each kilogram of Super coffee is 20 cents and the profit on each 
kilogram of Deluxe coffee is 30 cents, how many kilograms of each type of coffee should be blended to 
maximize profit? 
2. A rancher would like to determine the amounts of feed to buy for his cattle, such that the total cost of the 
feed mix is minimized and certain minimal nutritional requirements are satisfied. The mix can be made up 
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of four feed grains. Each kilogram of feed 1 contains 0.2 kilogram of ingredient A, 0.1 kilogram of 
ingredient B, 5.0 grams of ingredient C and 0.06 u,nits of ingredient D. Each kilogram of feed 2 contains 0.3 
kilogram of ingredient A, 0.1 kilogram of ingredient B, 3.0 grams of ingredient C and 0.05 units of 
ingredient D. Each kilogram of feed 3 contains 0.7 kilogram of ingredient A, 0.0 kilogram of ingredient B, 
0.0 grams of ingredient C and 0.10 units of ingredient D. Each kilogram of feed 4 contains 0.1 kilogram of 
ingredient A, 0.1 kilogram of ingredient B, 2.0 grams of ingredient C and 0.0 units of ingredient D. 
The cost per kilogram of grains 1, 2, 3, and 4 are $0.02, $0.025, $0.06 and $0.006, respectively. The 
minimum requirement per cow for each month is 80 kg of ingredient A, 21 kg of ingredient B, 900 grams of 
ingredient C, and 15 units of ingredient D. He has at present 200 heads of cattle on his ranch. His supplier 
can only deliver a total of 1000 kg of grain 4 per month. Formulate as a linear program. 
3. The Ragout Spaghetti Sauce Company makes and markets two kinds of spaghetti sauce - meat sauce and 
mushroom sauce. The specifications that govern the two sauces are as follows: The meat sauce requires not 
less than 50% ground beef, and not more than 35% tomato sauce. No specification is made about the 
amount of mushrooms in the meat sauce, and the amount of ground beef in the mushroom sauce. The 
mushroom sauce requires not less than 50% tomato sauce, and not more than 40% mushrooms. Those 
proportion restrictions are necessary because of the taste characteristics which must be achieved by the two 
sauces. 
There are available each hour 1000 pounds of ground beef at a cost of $0.35 a pound. There are 1500 
pounds of tomato sauce which can be handled each hour at $0.20 a pound, and 800 pounds of mushrooms 
available each hour at $0.50 a pound. 
Ragout can sell all of either type of sauce it produces and would like to maximize its profits . The selling 
price of the meat sauce is $0.65 per pound and the mushroom sauce sells for $0.75 a pound. Use a linear 
programming model to help ragout determine the optimal product blend. 
3. Investment Problems 
1. Suppose that the fmancial advisor of a university's endowment fund must invest exactly $100000 in two 
types of securities: bond AAA, paying a dividend of 7%, and stock BB, paying a dividend of 9%. The 
advisor has been told that no more than $30000 can be invested in stock BB, while the amount invested in 
bond AAA must be at least twice the amount invested in stock BB. How much should be invested in each 
security to maximize the university's return? 
2. Assume that $100000 will be put into the following three investments: Stock A (blue chip) with an annual 
dividend of 5% and an expected annual growth of 1%, Stock B (growth) with an annual dividend of 2% and 
an expected annual growth of 5%, and Stock C (speculative) with an annual dividend ofO% and an expected 
annual growth of 8%. The investment on each stock should not be more than $60000. The investor wants to 
receive $2400 annual dividends. Set up a linear programming formulation to maximize the overall annual 
return on the $I 00000 investments from the dividends and the expected growth combined. 
4. Production Scheduling Problems 
1. A firm produces 3 products: A, B, and C. The 3 products share 4 machines, X, Y, S, T, for their production 
process. Product A goes through 3 operations using machines X, S, and T (process 1). Product B goes 
through 2 operations using only either machines X and S (process 1), or Y and T (process 2). Product C can 
be produced using either machines X and S (process I) or Y, S, and T (process 2). The time requirement in 
minutes per unit produced for each production option on each machine and the variable production cost per 
minute for each machine are as follows : The production of each unit of product A using process I requires 
10 minutes on machine X, 6 minutes on machine S, and 3 minutes on machine T. The production of each 
unit of product B using process 1 requires 8 minutes on machine X, and 10 minutes on machine S. The 
production of each unit of product B using process 2 requires 6 minutes on machine Y, and 9 minutes on 
machine T. The production of each unit of product C using process 1 requires 8 minutes on machine X, and 
16 minutes on machine S. The production of each unit of product C using process 2 requires 10 minutes on 
machine Y, 3 minutes on machineS, and 8 minutes on machine T. The variable production cost per minute 
for machine X is $0.40, for machine Y $0.50, for machine S $0.24, and for machine T the variable 
production cost per minute is $0.30. Each machine has a daily production capacity of 480 minutes. The 
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daily requirements for the three products are 30 for A, 45 for B, and 15 for C. The objective is to determine 
a production set-up that minimizes the total variable production cost. 
5. Transportation Problems 
1. Conway Tractor Company has three plants located in Chicago, Austin(Texas), and Salem(Oregon). Three 
customers located respectively in Tucson(Arizona), Sacramento(Califomia) and Charlestown(West Virginia) 
have placed additional orders with Conway Tractor Company for 10, 8 and 10 tractors respectively. It is 
customary for Conway Tractor Company to quote to customers a price on a delivered basis, and hence the 
company absorbs the delivery costs of the tractors. The manufacturing cost does not differ significantly 
from one plant to another. The following delivery costs are incurred by the firm: From the Chicago plant to 
the customer in Tucson $150; from the Chicago plant to the customer in Sacramento $200; from the Chicago 
plant to the customer in Charlestown $70; from the Austin plant to the customer in Tucson $70; from the 
Austin plant to the customer in Sacramento $120; from the Austin plant to the customer in Charlestown $80; 
from the Salem plant to the customer in Tucson $80; from the Salem plant to the customer in Sacramento 
$50; and from the Salem plant to the customer in Charlestown $170. 
The firm is now facing the problem of assigning the extra orders to its plants to minimize delivery costs and 
to meet all orders (the Company over the years, has established a policy of first class service, and this 
includes quick and reliable delivery of all goods ordered). In making the assignment, the company has to 
take into account the limited additional manufacturing capacity at its plants in Austin and Salem, of8 and 10 
tractors, respectively. There are no limits on the additional production capacity at Chicago (as far as these 
extra orders are concerned). Formulate as a linear program. 
2. A company has three manufacturing plants, plant A, plant B, and plant C, with production capacities of 
respectively 2000, 6000, and 7000 units per week. These units are to be shipped to four distribution centers, 
distribution center D, distribution center E, distribution center F, and distribution center G, with absorption 
capacities of respectively 3000, 3000, 4000, and 5000 units per week. The company would like to distribute 
the manufactured items in such a way that the total shipping cost from the plants to the distribution centers is 
a minimum. The shipping cost, per unit product shipped, is 13 from plant A to distribution center D, I1 
from plant A to distribution center E, 15 from plant A to distribution center F, 20 from plant A to 
distribution center G, 17 from plant B to distribution center D, 14 from plant B to distribution center E, 12 
from plant B to distribution center F, 13 from plant B to distribution center G, 18 from plant C to distribution 
center D, 18 from plant C to distribution center E, 15 from plant C to distribution center F, and 12 from plant 
C to distribution center G. 
6. Assignment Problems 
I . A manufacturer of complex electronic equipment has just received a sizable contract and plans to 
subcontract part of the job. He has solicited bids for 6 subcontracts from 4 firms . Each job is sufficiently 
large that one firm can take on only 1 job. The bids of firm 1 for the different jobs are as follows : Job 1 
$48000, job 2 $72000, job 3 $36000, job 4 $52000, job 5 $50000, and job 6 $65000. The bids of firm 2 for 
the differentjobs are as follows : Job 1 $44000, job 2 $67000, job 3 $41000,job 4 $53000, job 5$48000, and 
job 6 $64000. The bids of firm 3 for the different jobs are as follows : Job I $46000, job 2 $69000, job 3 
$40000, job 4 $55000, job 5 $45000, and job 6 $68000. The bids of firm 4 for the different jobs are as 
follows: Job 1 $43000, job 2 $73000, job 3 $37000, job 4 $51000, job 5 $44000, and job 6 $62000. The cost 
estimates for doing the jobs internally are as follows: Job 1 $50000, job 2 $65000, job 3 $35000, job 4 
$50000, job 5 $46000, and job 6 $63000. Note that no more than 2 jobs can be performed internally. 
2. An engineering company has the problem of assigning the day's jobs to different machines. Most machines 
can do most of the jobs, but with differing efficiencies. Also to be considered is the set-up cost of each 
machine for each job; this varies according to what the machine was previously set up to do and the job to 
which it is now assigned. 
The cost of performing job 1 on machine 1 is $800, on machine 2 it is $600, on machine 3 it is $200, on 
machine 4 it is $1000, on machine 5 it is $500, and on machine 6 it is $800. The cost of performing job 2 on 
machine 1 is $400, on machine 2 it is $600, on machine 3 it is $400, on machine 4 it is $800, on machine 5 it 
is $700, and on machine 6 it is $200. The cost of performing job 3 on machine 1 is $1000, on machine 2 it is 
$1200, on machine 3 it is $800, on machine 4 it is $1500, on machine 5 it is $2000, and on machine 6 it is 
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$1000. The cost of performing job 4 on machine 1 is $200, on machine 2 it is $400, on machine 3 it is $100, 
on machine 4 it is $600, on machine 5 it is $400, and on machine 6 it is $400. The cost of performing job 5 
on machine I is $100, on machine 2 it is $300, on machine 3 it is $IOO, on machine 4 it is $200, on machine 
5 it is $400, and on machine 6 it is $200. The cost of performing job 6 on machine I is $600, on machine 2 
it is $500, on machine 3 it is $400, on machine 4 it is $300, on machine 5 it is $IOO, and on machine 6 it is 
$400. 
The set-up costs of machine I for the different jobs are as follows: Job I $I 00, job 2 $50, job 3 $150, job 4 
$80,job 5$0, and job 6 $IO. The set-up costs of machine 2 for the different jobs are as follows: Job 1 $100, 
job 2 $80, job 3 $100, job 4 $50, job 5 $10, and job 6 $20. The set-up costs of machine 3 for the different 
jobs are as follows : Job I $0, job 2 $100, job 3 $250, job 4 $150, job 5 $100, and job 6 $50. The set-up 
costs of machine 4 for the different jobs are as follows: Job 1 $150, job 2 $150, job 3 $0, job 4 $200, job 5 
$I 00, and job 6 $100. The set-up costs of machine 5 for the different jobs are as follows: Job 1 $200, job 2 
$IOO, job 3 $100, job 4 $100, job 5 $50, and job 6 $50. The set-up costs of machine 6 for the different jobs 
are as follows : Job 1 $50, job 2 $80, job 3 $0, job 4 $40, job 5 $50, and job 6 $100. The tasks that the 
machines were previously set up to do are implicitly included in these values. 
The company wishes to minimize the total cost oftoday's work. 
7. References Consulted 
The following references were consulted in the compilation of the database ofLP problems (120 +):(Adams & 
Gewirtz & Quintas, 1969); (Cooper & Narayan Bhat & LeBlanc, 1977); (Daellenbach & George, 1978); 
(Jensen, 1986); (Kolman & Beck, 1980); (Phillips & Ravindran & Solberg, 1976); (Snaddon, 1991); (Srinath, 
1983); (Strayer, I989); and (Swanson, 1980). 




1. Product Mix Problems (Complete dictionary) 
Category 1 Code= a: Numbers 
100 
Category 2 Code= b: Products (or an ingredient with ingredients.) 
TV_ set TV_ sets air_ conditioner air_ conditioners army_ tank army_ tanks audit audits axle axles 
ball_ bearing ball_ bearings bench benches beta biscuits blouse blouses book_club box boxes bumper_king 
business_calculator calculator calculators car_axle car_axles chair chairs coal coal_A coal_B collegiate 
collets construction-grade construction-grade copper com crate crates deluxe electricity executive fabric 
fabric_black fabric_red fabrics fiber_a fiber_b fibers finish-grade frre_engine frre_engines footballs frame 
frames gadget_ a gadget_ b gadgets generator _1 09 generator_ 67 grade_ A grade_ B hardback heater heaters 
hereford jersey lead library lima lounge_chair lounge_chairs man's_ring men's_rings merino model_ l 
model_2 model_3 model_ 4 model_ a model_b model_c model_p model_q model_r model_s modem 
modem_cabinet no-cal no-cals oats pl p2 p3 paperback paperback-hardback peas procrustian product_ I 
product_ 2 product_ X product_ Y product_ a product_ b product_ c product_ d professional provincial 
provincial_ cabinet racing_ car racing_ cars regular regulars ring rings rocking_ chair rocking_ chairs romney 
rornneys samaritan school bus school_ buses scientific_ calculator set-rings shaft shafts shirt shirts 
silver_ ball_ special southdown southdowns soyabeans speedo _a speedo _ b speedometers standard stereo_ set 
stereo_ sets straight_ back_ chair straight_ back_ chairs super super_ delux _machine super_ deluxe table tables 
tax _return tax _returns tomatoes toolpost toolposts truck axle truck axles wine wines woman's _ring 
women's _rings zeta zinc 
Category 4 Code= d: Verbs indicating production (also certain other words). 
bind made makes manufacture manufactured manufactures processed produce produced produces 
producing production sawed saws seperate 
Category 6 Code= f: Verbs indicating optimization; also certain other words which imply the same. 
maximization maximize maximized maximizes maximizing minimum optimal optimum 
Category 7 Code= g: Verbs indicating content. 
consisting consists include yield yields 
Category 8 Code= h: Words indicating profit or cost. 
contributes contribution cost costs income profit profitability profitably profits purchase revenue sell 
selling sells 
Category 9 Code = i: Assignment words. 
amount amounts are has is sold 
Category 11 Code = k: Units. 
$ acre acres bushel bushels cents day dollars dozen feet foot gallons hour hours kilogram kilograms 
labor-hours machine-hours man-hour man-hours man hours minute minutes parts pounds rs square ton 
tons unit units week year 
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Category 12 Code= 1: Punctuation marks. 
" "(" ")" ( ) ; - . I : ? 
Category 14 Code= n: Words which determine the sign of constraints. 
almost availability available capacity constraint constraints demand highest largest least limit limited 
limiting maximum more most no not not restricted size supply 
Category 15 Code= o: Opeartions or activities in resource allocation problems (also operation facilities). 
assemble assembled assembling assembly assembly_ division binding blending bottling cabinet_ assembly 
coating cooking crushing cut cutting drawing drill drillers drilling emission fmishing flotation forging 
foundry gluing grinder grinder _1 grinders inspection joining lathe lathes loaded ml m2 m3 machine _1 
machine 2 machine_ 3 machine a machine b machine_ center machine center_ I machine_ center_ IIA 
machine_ center_ liB machine_ center_ a machine_ center_ b machine_ center_ c machining manpower milling 
mixing molding mounted oiling packaging painted painting particulate_ emission parts_ division plane 
plating_ and_ finishing polishing prefinishing preliminary_ assembly priming printing process_ a process_ b 
process_ number _1 process_ number_ 2 pulverize pulverized pulverizer punch-press review-time rough-saw 
sanding sanding_ and _priming saw seperation sewing smoke spinning staff-time stamping stitching storage 
stored sulfur_ oxide_ emission testing testing_ and _packing varnished wiring 
Category 16 Code= p: Verbs indicating the reservation of time for an activity 
consumed expected needed needs require required requirement requirements requires requiring take takes 
Category 17 Code= q: Words for labor, capital and land. 
capital cash feed labor land material molding_ compound treatment working 
Category 27 Code = Z: Marker at the end of a phrase or a sentence 
I . 
. ' 
Category 28 Code= 1: Nouns, not falling in one of the other categories. 
ace_ book_ company acme acme _axle_ company addition advantages agreement aid air already alternatives 
animals appliance area areas assistant assuming automobile average ball basis bathroom beans before belt 
bestseller bindings board boards boat book books bottle bottles brothers bu cabinet cabinetmaker cabinets 
car case cases cattle centers chain chamber city colors combination combinations company complete 
component components compound conditions confectioner consideration content contract control conveyor 
copies crop crops cultivation cumbustion data deacons dealers decision decision-making department 
departments desk desks drive edition editions efficiency emisson employment end equipment etc 
expansion facilities factory farm farmer fibreglass figures firm firms forecast forecasts foreman 
formulation furniture garage gem gem_ring_company golden_hawk government grades hand handy-
dandy_company hastings_company heat housing industry information instruments inventories item items 
jane jim kinds kitchen knowledge label laws leather level limits line lines list load logs lumber machine 
machines maker management manager manufacturer margin market markets materials metal metals 
methods mighty_silver_ball mill million mix mode model models month motors newton_pigskin number 
objective office ones operation operation, operations operations order ores outflows output overtime 
packet packets parsons part people perform period personnel phase phases pieces pinball place plan plant 
policy pollutants pollution portstown power preparation price prices problem process processes product 
production products program publisher purposes quantities question railroad random_ company rate rates 
relationships report resources respects restriction restrictions rights run sale sales season select selection 
sellers set set-up sets sheep shop shortage situation sound_ off_ company space speakers speciality 
spitz_ motor_ company standards statement steam steps stock stockpiles stores successive sulfur tax 
teclmique terms thorland _company time tip_ top_ toy_ company towel towels toys TIT tucker 
tucker's_machine_shop turbines type types unemployment using value variety version warehouse way 
wholesaler winery work workshop zingeria zingeria _vineyards 
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Category 29 Code = 2: Verbs, not falling in one of the other categories. 
absorb achieve achieves acquiring agreed allocate applied ask associated assume attempt be begin being 
believes bring brought by calculated call can carried combat come corning compared comply concerned 
consider considered considering considers cooperate decide designated desired desires determine 
determined determined develop differs distributes dumped estimates exists faced fed fmd finding fmish 
fixed follows formulate fulfilled furnished generate generating give given go goes going handle have 
insisted instructed introduced introduces invest know known knows like maintain make manufacturing 
may must obtained offered operated operates owns pass performed performing planning planted prepare 
project provided publish purchased purchases puts realize realized realizes received receives remaining 
reviewed satisfy schedule scheduled selecting sent shall share should shown solved start studying 
supplied suppose to use used uses utilize varies want wanted wants were will wishes works would write 
Category 30 Code= 3: Adjectives, not falling in one of the other categories. 
able accounting adaptable afraid anticipated basic best black-and-white blank both certain cheap clean-
burning coal-fired competitive corresponding critical daily deterministic different electric electronic 
electronics engineering enough expensive extra fairly final first following four gold great gross hand-
crafted hand-made hard high high-grade higher hundred international large large-diameter last latest linear 
long-standing low low grade main marketing mathematical national necessary net new next normal one 
operational optical other people's _clothing possible potential practical precision prevailing principal 
probalistic processing programming public purely quality rattan raw round same scarce scheduling second 
self-contained several small smoky soft special specialized strong subject synthetic-fibers technical 
thermal thousand three tillable total two typical unique unlimited unrestricted various varying very vinyl-
coated weekly work-in-progress 
Category 31 Code= 4: Adverbs. 
actually after also always aside completely directly exclusively just lastly now once only present 
presently relatively respectively severely specifically sufficient 
Category 32 Code = 5: Pronouns. 
acme_axle_company's all cabinetmaker's children's factory's firm's he her him his how it its 
manufacturer's men's plant's she that that their them there these they this those tucker's we what when 
where which who women's you 
Category 33 Code = 6: Determiners. 
a an any each many much namely such the 
Category 34 Code= 7: Prepositions. 
about above against at at between during for from m into near of on onto out over per through through 
under up upon with within 
Category 35 Code= 8: Conjunctions. 
and and as because but either even except hence however if likewise or or rather regardless since so 
than then though thus well whatever whereas while 
2. Blending Problems (Only selected parts of dictionary) 
Category 1 Code= a: Numbers. 
100 
Category 2 Code= b: Products (or an ingredient with ingredients.) 
pest bug super deluxe sweet lo-sugar food_ A food B feed feed 1 feed 2 feed 3 feed 4 party __peanuts 
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Category 3 Code = c: Ingredients. 
carbaryl malathion brazilian columbian saccharin dextrose fat carborhydrate protein carbohydrates iron 
Category 4 Code= d: Verbs indicating production (also certain other words). 
prepared prepare made packages produces produced processing make processed produce manufacture 
Category 5 Code= e: Verbs indicating blending. 
blends blended mixture mixed mixes 
Category 6 Code= f: Verbs indicating optimization; also certain other words which imply the same. 
minimize maximize minimized lowest largest minimizing optimize optimal 
Category 7 Code= g: Verbs indicating content. 
contains contain used consisting contains consists includes use producing provides consist 
Category 8 Code= h: Words indicating profit or cost. 
costs cost profit sells revenue purchases purchased purchase selling purchasing profits contribution sell 
Category 9 Code = i: Assignment words. 
is has are have were amount was 
Category 11 Code = k: Units. 
kilogram grams $ kilograms cents ounce units unit ounces grains month kg ton pounds pound tons day 
Category 12 Code= 1: Punctuation marks. 
: ' : • II () - I 
Category 13 Code= m: A product which have ingredients with ingredients. 
dust formula beautiful_grow cattle_feed vita-power vitapower ice-cream protein-formula blended_steel 
Category 14 Code= n: Words which determine the sign of constraints. 
available least most requirements total requirement maximum no not more smallest limit supply 
Category 15 Code= o: Opeartions or activities in resource allocation problems (also opeartion facilities). 
assemble refineries refinery_ a refinery_ b refinery 
Category 16 Code= p: Verbs indicating the reservation of time for an activity 
needed requires requiring take consumed required 
Category 17 Code= q: Words for labor, capital and land. 
labor man-hours manpower 
Category 27 Code = Z: Puntuation mark to indicate the end of sentences and phrases 
I . 
. ' 
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Category 28 Code= 1: Nouns, not falling in one of the other categories. 
rose products blend pesticide coffee packer brands hand type manufacturer sweetener product nutritionist 
Category 29 Code= 2: Verbs, not falling in one of the other categories. 
being using must should be to planning wants meal provide served satisfy would like determine buy 
Category 30 Code= 3: Adjectives, not falling in one of the other categories. 
new two final artificial main certain minimal nutritional four minimum linear several monthly technical 
Category 31 Code= 4: Adverbs. 
respectively present only just immediately essential also finally weekly recently suddenly surely unlivable 
Category 32 Code = 5: Pronouns. 
how nutritionist's his he this itself it these you your anyone who their which what them him there 
Category 33 Code = 6: Determiners. 
a each the many an some one both much every tne everything nothing somewhat 
Category 34 Code= 7: Prepositions. 
by of at on for up per from with in through after over between upon during before above 
Category 35 Code= 8: Conjunctions. 
and while if yet such that as or and or so further because although conversely than either hence 
3. Investment Problems (Only selected parts of dictionary) 
Category 1 Code= a: Numbers. 
100 
Category 6 Code= f: Verbs indicating optimization; also certain other words which imply the same. 
maximize optimal 
Category 8 Code= h: Words indicating profit or cost. 
return purchasing purchase price costs 
Category 9 Code= i: Assignment words. 
has is 
Category 10 Code= j: Formulating keywords. 
after-tax 
Category 11 Code= k: Units. 
$ months month years year 
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Category 12 Code= 1: Punctuation marks. 
: ' ; ( ) II 
Category 14 Code= n: Words which determine the sign of constraints. 
exactly no more least not fully cannot exceed restrict limitations requirements less available lower 
Category 17 Code= q: Words for labor, capital and land. 
quality quality_ scale _rating 
Category 27 Code = Z: Punctuation mark to indicate end of sentences or phrases 
. I 
'. 
Category 28 Code= 1: Nouns, not falling in one of the other categories. 
advisor endowment fund types administrator trust rnr. guidelines total time money policy chip risk 
Category 29 Code = 2: Verbs, not falling in one of the other categories. 
suppose must been told can be should to set will adhere need may pursued assume expected reduce 
Category 30 Code= 3: Adjectives, not falling in one of the other categories. 
388 
financial two certain one three different following blue speculative linear programming overall average 
Category 31 Code= 4: Adverbs. 
after particularly only 
Category 32 Code= 5: Pronouns. 
that university's how smith's what this who his him he these their moody's bank's it its manager's 
Category 33 Code = 6: Determiners. 
the a much each any an 
Category 34 Code= 7: Prepositions. 
of in at up by into with on from within for above during over below 
Category 35 Code= 8: Conjunctions. 
and than while as furthermore so but because however if when since even though nevertheless 
4. Production Scheduling Problems (Only selected parts of dictionary) 
Category 1 Code= a: Numbers. 
100 
Category 2 Code= b: Products (or an ingredient with ingredients.) 
product_ A product_ B product_ C product product_ S product_ T wagons tricycles fire engines toys cycles 
Category 3 Code = c: Ingredients. 
leather fabric backing lining accessories 
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Category 4 Code= d: Verbs indicating production {also certain other words). 
produces production produced produce manufacturing producing manufactures manufacture processed 
Category 6 Code= f: Verbs indicating optimization; also certain other words which imply the same. 
minimizes minimum maximizing minimizing minimal minimize maximizes optimum maximized 
Category 7 Code= g: Verbs indicating content. 
using include 
Category 8 Code= h: Words indicating profit or cost. 
cost revenue profits costs profit 
Category 9 Code = i: Assignment words. 
are is has have amounts sold amount selling 
Category 10 Code= j: Formulating keywords. 
and either or 
Category 11 Code= k: Units. 
minutes unit minute $ units cents man-days man-day months month week hours man-hours hour feet 
Category 12 Code= 1: Punctuation marks. 
' "(" ")" = - ( ) 
Category 14 Code= n: Words which determine the sign of constraints. 
requirement capacity requirements demands demand available least-cost capacities least 
Category 15 Code= o: Opeartions or activities in resource allocation problems (also opeartion facilities). 
machine_ X machine_ Y machine_ S machine_ T operation_ I operation_ II machine_ center _ 1 
Category 16 Code = p: Verbs indicating the reservation of time for an activity 
requires require takes needs needed required 
Category 17 Code= q: Words for labor, capital and land. 
labor 
Category 27 Code = Z: Punctuation mark to indicate end of sentences and phrases 
. I 
, . 
Category 28 Code= 1: Nouns, not falling in one of the other categories. 
firm products machines process operations process_ l process_2 time option machine objective set-up 
Category 29 Code = 2: Verbs, not falling in one of the other categories. 
share goes can be follows to determine fixed set sets formulate assume considers seems constitute 
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Category 30 Code= 3: Adjectives, not falling in one of the other categories. 
variable daily three total no linear following regular one seasonal two well constant annual also next 
Category 31 Code= 4: Adverbs. 
only furhermore exactly later possible still not respectively desired early forward after 
Category 32 Code = 5: Pronouns. 
their that there such this its it how whose week's these 
Category 33 Code = 6: Determiners. 
a the each any an all many 
Category 34 Code= 7: Prepositions. 
for through in per on ofbetween at during with from up into by 
Category 35 Code= 8: Conjunctions. 
as since subject but furthermore whether however than if which plus when so and or further 
5. Transportation Problems (Only selected parts of dictionary) 
Category 1 Code= a: Numbers. 
100 
Category 2 Code= b: Products (or an ingredient with ingredients.) 
sand polyethylene products tractors calculators calculator wheat grain milk fruits water commodity 
Category 4 Code= d: Verbs indicating production (also certain other words). 
production packaging manufacturer manufactured manufacturing produces melted coverted stored labor 
Category 6 Code= f: Verbs indicating optimization; also certain other words which imply_the same. 
minimizing minimize maximize minimum optimal 
Category 7 Code= g: Verbs indicating content. 
takes 
Category 8 Code= h: Words indicating profit or cost. 
costs cost purchase sold sell profits sells 
Category 9 Code = i: Assignment words. 
has is was are have amounts 
Category 10 Code= j: Formulating keywords. 
vice versa no proportional distances distance 
390 
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Category 11 Code = k: Units. 
yards day yard $ week tons ton months barrels barrel month units unit years miles mile baskets hours 
Category 12 Code= 1: Punctuation marks. 
' ( ) : : . ; 
Category 14 Code= n: Words which determine the sign of constraints. 
capacity demand most demands capacities orders hand smallest totalling shortest best supplies least 
Category 18 Code= r: References to factories. 
sand _pits sand_pit_1 sand_pit_2 may june july august september october january february march april 
Category 19 Code= s: References to warehouses. 
mixing_plants mixing_plant_1 mixing_plant_ 2 mixing_plant_ 3 warehouse _1 warehouse_ 2 warehouse_ 3 
Category 20 Code = t: Words indicating transportation costs. Also assignment costs(the suitability of 
person i to do job j). 
transportation transfering shipping shipped freight transport transporting 
Category 21 Code= u: Words indicating the location of a factory or a warehouse. 
location _1 location _2 location_ 3 location_ 4 location_ 5 location~ 6 lansing michigan duluth minnesota 
Category 22 Code= v: Adjectives indicating either demand or supply. 
actual desired absorption 
Category 23 Code= w: Verbs indicating either demand or supply. 
resupply supply required needs come supplied ship requires redistribute need 
Category 27 Code = Z: Punctuation mark to indicate the end of sentences and phrases 
. I 
'. 
Category 28 Code= 1: Nouns, not falling in one of the other categories. 
concrete outfit problem program car company cars locations thursday number location dollar peat moss 
Category 29 Code= 2: Verbs, not falling in one of the other categories. 
mixing operates formulate redistributes given distributing made heating can occurs bringing varies due 
Category 30 Code= 3: Adjectives, not falling in one of the other categories. 
two three daily linear rental six total bulk particular differences varying increased one next sheet third 
Category 31 Code= 4: Adverbs. 
once only still currently respectively significantly now directly just resepectively 
Category 32 Code = 5: Pronouns. 
its it this his he supplier's these that how other there another all company's you your what which they 
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Category 33 Code = 6: Determiners. 
a the many each an namely such 
Category 34 Code= 7: Prepositions. 
of for per from to among on at near in during through by with over into down up 
Category 35 Code= 8: Conjunctions. 
and as whereas so while hence and or if then because 
6. Assignment Problems (Only selected parts of dictionary) 
Category 1 Code= a: Numbers. 
100 
Category 2 Code= b: Products (or an ingredient with ingredients.) 
equipment 
Category 4 Code= d: Verbs indicating production (also certain other words). 
production 
Category 6 Code= f: Verbs indicating optimization; also certain other words which imply the same. 
maximize minimize minimized maximized minimizes minimizing optimal maximizes 
Category 8 Code= h: Words indicating profit or cost. 
cost costs 
Category 9 Code= i: Assignment words. 
has is are amount was 
Category 10 Code= j: Formulating keywords. 
internally vice versa 
Category 11 Code= k: Units. 
$ miles mile day minutes units unit week hours hour 
Category 12 Code= 1: Punctuation marks. 
: ' : ; - () 
Category 14 Code= n: Words which determine the sign of constraints. 
no more available most minimum best maximum capacity 
Category 20 Code = t: Words indicating transportation costs. Also assignment costs(the_suitability of 
person i to do job j). 
bids experience suitabilities suitability set-up relocation distance performance aptitude ability changeover 
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Category 21 Code= u: Words indicating the location of a factory or a warehouse. 
location I location 2 location 3 
- - -
Category 24 Code= x: Words refering to persons in assignment problems. 
firms firm firm 1 firm 2 firm 3 firm 4 detectives detective A detective B detective C detective D 
- - - -
Category 25 Code= y: Words refering to jobs in assignment problems. 
subcontracts jobs job_ l job_2 job_3 job_ 4 job_5 job_6 cases tasks region_ ! region_2 region_3 regwns 
Category 26 Code= z: Verbs indicating assignment costs. 
relocating 
Category 27 Code = Z: Punctuation mark to indicate the end of sentences and phrases 
. ' ' . 
Category 28 Code= 1: Nouns, not falling in one of the other categories. 
manufacturer contract part job estimates detective investigation bureau investigations amounts indices 
Category 29 Code= 2: Verbs, not falling in one of the other categories. 
received plans subcontract solicited can take follows doing note be performed assigned new have been 
Category 30 Code= 3: Adjectives, not falling in one of the other categories. 
complex electronic sizable large one different chief able total engineering differing three recent training 
Category 31 Code= 4: Adverbs. 
just sufficiently only present not yet also now previously implicitly equally well clearly specifically 
Category 32 Code = 5: Pronouns. 
he city's she who it day's these today's his graduates' person's what there all they such this when their 
Category 33 Code = 6: Determiners. 
a the each an The other none any 
Category 34 Code= 7: Prepositions. 
of to for from on at with up in during along by per between 
Category 35 Code= 8: Conjunctions. 
and that as than so but which because and or however if 
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Appendix 4 
The Pattern Database 
1. Instantiation of the Product Mix Problem Frame (Complete database) 
The objective function slot (Vector c) 
h k d i k a b, k a b, .. . 
h k b i k a, b k i k a, .. . 
b k i k a 
b h ik a 
h (i) (h) k a b, k a b 
h k a k b, k a k b, ... 
h k b i k a, k b i k a, ... 
b ... ghka 
bdkahh, kbkah, ... 
h b i k a, b k a, ... 
h b i k a k, k a k b, ... 
b i h k a, b h k a, .. . 
i k a h b, k a h b, .. . 
b k a k k d, b k a, .. . 
bhka 
h h k i k a b, k a b, .. . 
h (b) (k) b i k a, (k) b i k a 
bhhak, bhak 
The type of optimization slot (maximize or minimize) 
fh 
h 
The constraints slot (Matrix A) 
b d p a k o, a k o, ... 
b p a k o, (b p a k) a k o, ... 
akqipkb 
a k i p (k) b (k) 
p a k o k b, a k o or p a k o, .. . 
b p a k q, k a q, ... 
d k b a k o i p, a k o, ... 
b d p a k q, a k q, ... 
b p a k q, a k o, ... 
a k o, ... , a k o i p d (k) b (k) 
b p a k o, b p a, ... 
o b p a k (k k d), b p a k (k k d), ... 
k a q i p b k d, k a b k, .. . 
o p (i) a k k b, a (k) k b, .. . 
poi a b, a b, ... 
The right hand sides of the constraints (Vector b), as well as the signs of the constraints 
{f.l, =,-) 
n (i) a (o) k (o), a (o) k (o), ... 
a k i n o k, a k o, ... 
akqin k 
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o i n (n) a k, o a k 
i k nq 
i nko q 
onak 
nqinak 
n q i a k 
i a k q, ... , i a k q a k o 
noiakk, oak, ... 
o i n k a k, o a, ... 
i n a k (k) o, a k o, ... 
i a k n k o, a (k) (n) o, ... 
on (n) a k 
oiakn, oiak, ... 
iakkno 
on i a k 
ngako 
niqnkika 
a o k, ... ,a o k n 
nnoak 
a k o, ... , a k o i n 
n k n o i a, o i a, ... 
Upperbounds on the variables 
nnakbd 
nnak 




Lowerbounds on the variables 
nkbbd 
in a b, a b, ... 
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2. Instantiation of the Blending Problem Frame (Only partial database) 
The objective function slot (Vector c) 
h (a) k b i k a, b i k a, ... 
The type of optimization slot (maximize or minimize) 
fh 
The constraints slot (Matrix A) 
b (m) g a k c, a k c, ... 
The right hand sides of the constraints (Vector b), as well as the signs of the constraints 
(p.t, =,-) 
(e) (i) (n) a k c, a k c, ... 
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Upperbounds on the variables 
n i n a k b, a k b, ... 
3. Instantiation of the Transportation Problem Frame (Only partial 
database) 
The supply vector 
v 7 7 u i a, 7 u i a, ... 
The demand vector 
n7uiak,uiak, ... 
The cost function 
t h (7) (k) 7 r 7 s i k a, 7 (r 7) s i k a, ... 
4. Instantiation of the Assignment Problem Frame (Only partial 
database) 
h 7 y j i y k a, y k a, ... 
t 7 (x) (y) (7) (x) (y) i a (k), 7 (x) (y) i a (k), ... 
5. Instantiation of the Investment Problem Fr.ame (Only partial 
database) 
The objective function slot (Vector c) 
B (C) (G) V G a%, V G a %, .. . 
The type of optimization slot (maximize or minimize) 
fh 
The constraints slot (Matrix A and vector b) 
i k a I (i J B B) 
Upperbounds on the variables 
( JI ) B n n k a, B n n k a, ... 
Lowerbounds on the variables 
(JIB) n k a (B) 
6. Instantiation of the Production Scheduling Problem Frame (Only 
partial database) 
Identifying the products, operations and processes 
bagoojo 
396 
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The objective function slot (Vector c) 
o (d) h k i (a) (k) (a) (k) 
The type of optimization slot (maximize or minimize) 
fh 
The constraints slot (Matrix A) 
d k b g p a k o, a k o, ... 
The right hand sides of the constraints (Vector b), as well as the signs of the constraints 
(f.l, =,-) 
(n) o i (d n) a k, oak, .. . 
Upperbounds on the variables 
n i (k) a b, a (k) b, ... 
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Appendix 5 
Applying the NLU-based Modeier to Different Classes of Linear 
Programming Problems -A Representative Sample 
1. A Typical Blending Problem 
Consider the following linear programming problem (a typical blending problem): 
A rancher would like to determine the amounts of feed to buy for his cattle, such that the total cost of the feed 
mix is minimized and certain minimal nutritional requirements are satisfied. The mix can be made up of four 
feed grains. Each kilogram of feed 1 contains 0.2 kilogram of ingredient A, 0.1 kilogram of ingredient B, 5. 0 
grams of ingredient C and 0.06 units of ingredient D. Each kilogram of feed 2 contains 0.3 kilogram of 
ingredient A, 0.1 kilogram of ingredient B, 3.0 grams of ingredient C and 0.05 units of ingredient D. Each 
kilogram of feed 3 contains 0. 7 kilogram of ingredient A, 0. 0 kilogram of ingredient B, 0. 0 grams of ingredient 
C and 0.10 units of ingredient D. Each kilogram of feed 4 contains 0.1 kilogram of ingredient A, 0.1 kilogram 
of ingredient B, 2.0 grams of ingredient C and 0.0 units of ingredient D. 
The cost per kilogram of grains 1, 2, 3, and 4 are $0.02, $0.025, $0.06 and $0.006, respectively. The minimum 
requirement per cow for each month is 80 kg of ingredient A, 21 kg of ingredient B, 900 grams of ingredient C, 
and 15 units of ingredient D. He has at present 200 heads of cattle on his ranch. His supplier can only deliver 
a total of 1000 kg of grain 4 per month. Formulate as a linear program. 
The routine performing the lexical analysis produces the following lexical pattern (in coordination with the 





This pattern is reduced to the following by erasing the redundant categories (those not contributing to 
instantiating the frame): 
6bnhbifniZdbkZkbgakcakcakcakcZkbgakcakcakcakcZkbgakcakcakcakcZk 
bgakcakcakcakcZhkbikabikabikabikaZnkiakcakcakcakcZiaZnakbkZZ 
This reduced pattern is then scanned by the syntactic pattern processor in an attempt to find a match with one of 
the anticipated syntactic patterns defined in the pattern database (The database for blending problems is 
summarized in Appendix 3.). The following patterns are found: 
For the objective function slot-h k b i k a, b i k a, ... ; for the type of optimization slot- h; for the constraint slot 
- b g a k c, a k c, ... ; and for the right -hand-side of the constraint slot - n k i a k c, a k c, .. .. 
Semantic processing takes place next and the following conclusions are drawn (by the system) from the 
syntactic patterns that were found: "We are working with a minimizing problem: cost must be minimized; four 
ingredients (ingredients A, B, C and D) are used in four feeds mixes (feeds 1, 2, 3 and 4); four variables are 
needed, one for each feed mix; restrictions are imposed on each ingredient; the objective function is subject to 
four constraints, one for each ingredient; there are an upperbound on the amount of feed 4 that could be used in 
the blend, and values are to be extracted for a constraint matrix A, for the right-hand-side vector !!, for the 
objective function£, and for the sign of each constraint." 
The extracted knowledge is used to fill the slots of the linear program frame. The result is a mathematical 
model for the problem under consideration: 
If x1, x2, x3 and x4 represents the amount of feed 1, feed 2, feed 3 and feed 4, respectively, that should be 
mixed and blended, the formulated linear program is: 
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Minimize 0.02 x1 + 0.025 x2 + 0.06 x3 + 0.006 x4 
subject to 
0.2 x1 + ·o.3 x2 + 0.7 X3 + 0.1 X4 :?_ 80 
0.1 x1 + 0.1 x1 + 0.0 X3 + 0.1 x4 :?. 21 
5.0 x1 + 3.0 X2 + 0.0 X3 + 2.0 X4 :?_ 900 
0.06 x1 +0.05 X2 + 0.1 X3 + 0.0 X4 :?_ 15 
X4 ::; 1000 
x1, x2, X3, X4 :?_ 0 
2. A Typical Transportation Problem 
Consider the following linear programming problem (a typical transportation problem) : 
A peat moss distributor operates production and packaging plants near Lansing(Michigan), Duluth(Minnesota) 
and Grand Forks (North Dakota). The packaging capacity of the plant near Duluth is 2200 tons per day, the 
packaging capacity of the plant near Grand Forks is 3200 tons per day, and the packaging capacity of the plant 
near Lansing is 1600 tons per day. The production cost per ton is $13 at the plant near Duluth, $1 1 at the plant 
near Grand Forks, and $15 at the plant near Lansing. 
The firm operates wholesale distributing warehouses in Denver, Minneapolis, Des Moines, Kansas City, 
Chicago, Detroit, and Cincinnati. The daily demand at Denver is 800 tons, at Minneapolis it is 700 tons, at Des 
Moines it is 400 tons, at Kansas City it is 900 tons, at Chicago it is 1900 tons, at Detroit it is 1100 tons, and at 
Cincinnati the daily demand is 600 tons. 
The transportation cost per ton from Duluth to Denver is $18, from Duluth to Minneapolis it is $6, from Duluth 
to Des Moines it is $10, from Duluth to Kansas City it is $14, form Duluth to Chicago it is $9, from Duluth to 
Detroit it is $13, and from Duluth to Cincinnati the transportation cost is $12 per ton. 
The transportation cost per ton from Grand F arks to Denver is $16, from Grand F arks to Minneapolis it is $8, 
from Grand Forks to Des Moines it is $11, from Grand Forks to Kansas City it is $15, form Grand Forks to 
Chicago it is $14, andfrom Grand Forks to Cincinnati the transportation cost is $15 per ton. No deliveries are 
made from the plant near Grand Forks to the warehouse in Detroit. 
The transportation cost per ton from Lansing to Des Moines is $14, from Lansing to Kansas City it is $18, form 
Lansing to Chicago it is $6, from Lansing to Detroit it is $3, and from Lansing to Cincinnati the transportation 
cost is $8 per ton. No deliveries are made from the plant near Lansing to the warehouses in Denver and 
Minneapolis. 
Formulate this problem as a linear program minimizing total cost of production and distribution. 
The routine performing the lexical analysis produces the following lexical pattern (in coordination with the 
contextualized dictionary summarized in appendix 2): 
61112d8dl7ulullulul8ululZ6dn7617uiak7kl6dn7617uiak7kl86dn7617uia 
k7kZ6dh7kika7617ulka7617ul8ka7617uZ6121217ulululululul8ul63n7uia 
kl7u5iakl7u5iakl7u5iakl7 u5iakl7u5iakl87u63niakZ6th7k7u7uikal7u 7u 
5ikal7u7u5ikal7u7u5ikal7u7u5ikal7u7u 5ikal87u7u6thika7kZ6th7k7u7u 
i k a 1 7 u 7 u 5 i k a I 7 u 7 u 5 i k a 1 7 u 7 u 5 i k a 1 7 u 7 u 5 i k a 18 7 u 7 u 6th i k a 7 k Zj 1 i 2 7 61 7 u 7 
6 1 7 u Z 6th 7 k 7 u 7 u i k a 1 7 u 7 u 5 i k a 1 7 u 7 u 5 i k a 1 7 u 7 u 5 i k a 18 7 u 7 u 6th i k a 7 k Zj I i 2 7 
6/7u7617u8uZ2518631f3h7d81Z 
This pattern is reduced to the following by erasing the redundant categories (those not contributing to 




k a 7 u 7 u i k a 7 u 7 u i k a 7 u 7 u t hi k a 7 k Zj i 7 7 u 7 7 u Z t h 7 k 7 u 7 u i k a 7 u 7 u i k a 7 u 7 u i k a 7 u 
7 u i k a 7 u 7 u t hi k a 7 k Zj i 7 7 u 7 7 u u Zf h 7 d Z 
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This reduced pattern is then scanned by the syntactic. pattern processor in an attempt to fmd a match with one of 
the anticipated syntactic patterns defined in the pattern database (The database for transportation problems is 
summarized in Appendix 3.). The following patterns are found: 
For the right-hand-sides of the constraints slot- d n 7 7 u i a k 7 k (supply vector); n 7 u i a k, u i a k, ... and 7 u 
n i a k (demand vector); and for the objective function slot (cost function) - t h 7 k 7 u 7 u i k a, 7 u 7 u i k a, ... ; 
7 u 7 u t hi k a 7 k;j i 7 7 u 7 7 u, u, ... ; and d h 7 k i k a 7 7 u, k a 7 7 u, .. .. 
Semantic processing takes place next and the following conclusions are drawn (by the system) from the 
syntactic patterns that were found: "We are working with a typical transportation problem; transportation costs 
must be minimized; goods are transported from three suppliers (Duluth, Grand Forks and Lansing) to seven 
warehouses (Denver, Minneapolis, Des Moines, Kansas City, Chicago, Detroit and Cincinnati); costs are 
imposed on each route; restrictions are set on the available supplies and demands at the various cities; and 
values are to be extracted for a transportation cost function c, for a supply vectors and a demand vector d." 
The extracted knowledge is used to fill the slots of the linear program frame. The result is a mathematical 
model for the problem under consideration: 
If x II represents the transportation cost from Duluth to Denver, x 12 the transportation cost from Duluth to 
Minneapolis, x I3 the transportation cost from Duluth to Des Moines, x I4 the transportation cost from Duluth to 
Kansas City, x15 the transportation cost from Duluth to Chicago, x16 the transportation cost from Duluth to 
Detroit, X 17 the transportation cost from Duluth to Cincinnati, X21 the transportation cost from Grand Forks to 
Denver, x22 the transportation cost from Grand Forks to Minneapolis, x23 the transportation cost from Grand 
Forks to Des Moines, x24 the transportation cost from Grand Forks to Kansas City, x25 the transportation cost 
from Grand Forks to Chicago, x26 the transportation cost from Grand Forks to Detroit, x27 the transportation 
cost from Grand Forks to Cincinnati, x31 the transportation cost from Lansing to Denver, x32 the transportation 
cost from Lansing to Minneapolis, x33 the transportation cost from Lansing to Des Moines, x34 the 
transportation cost from Lansing to Kansas City, x35 the transportation cost from Lansing to Chicago, x36 the 
transportation cost from Lansing to Detroit, and x37 the transportation cost from Lansing to Cincinnati, the 
formulated linear program is: 
Minimize 3I Xll + 19 XJ2 + 23 XU+ 27 X14 + 22 X15 + 26 X16 + 25 X17 + 27 x21 + 19 X22 + 22 X23 + 26 
X24 + 25 X25 + I1 X26 + 26 X27 + 15 X31 + 15 X32 + 29 X33 + 33 X34 + 21 X35 + 18 X36 + 23 
x37 
subject to 
x11 + x12 + X13 + X14 + X15 + X16+ x17 = 2200 
X2J + x22 + X23 + x24 + x25+ X26+ xn= 3200 
x31 + x32 + x33 + x34 + X35+ X36 + x37 = I600 
xll + X2J + X3I = 800 
XJ2+ x22 + x32 = 700 
xu + X23 + x33 = 400 
XI4 + x24 + x34 = 900 
XI5 + x25 + x35 = I900 
XI6+ X26+ X36= IIOO 
XJ7 + xn + X37 = 600 
xll , XI2• X13, X14• X15• X16• XI7• 
X21 · X22· X23• x24· x25· X26· X27• 
x31 • X32• x33, x34, X35• X36• X37 ~ 0 
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Appendix 6 
Learning Style Inventories 
1. Dunn et al's Learning Style Inventory 
1.1. The Questionnaire 
You must complete the following 104-item self-report questionnaire (Brooks, 1990). It identifies learning 
preferences about immediate environmental conditions and emotional, sociological and physical needs. The 
following 18 elements are assessed: Sound, light, temperature, and design (all environmental conditions); 
motivation, persistence, responsibility, and structure (all emotional needs) ; self-oriented, colleague-oriented, 
authority-oriented, pair-oriented, team-oriented and varied (all sociological needs); and perceptual, intake, 
time and mobility (physical needs) . Consider each of the 104 statements and decide if you agree, disagree or 
feel neutral about it. Fill in a '1' if you totally disagree with the statement, a '2' if you feel neutral about it, 
and a '3' if you agree with it. 
1. I study most effectively in silence. 
2. I like to keep my loved-ones happy by good achievements. 
3. I prefer a well-lit study environment. 
4. I like to be told exactly what I must do. 
5. I concentrate well in warm weather. 
6. I study most effectively at a table or desk. 
7. I like to sit on a comfortable chair or couch while studying. 
8. I like to study with friends (one or more) . 
9. I feel good when I perform well in school/university. 
10. Normally I feel more comfortable in hot than cold weather. 
11. Activities outside the context of school/university is more important than my studies. 
12. I study the best in the morning. 
13. It is often difficult for me to complete the things I know I should. 
14. It is often necessary to remind me of things that should be done. 
15. I like it if my teacher is proud of me. 
16. I study well in dim light. 
17. I like to study on my own when I have lots of work to do. 
18. I don't eat or drink (or chew) while I am studying. 
19. I like to sit in a straightback chair when I am studying. 
20. Sometimes I prefer to study on my own; other times I prefer to study with friends . 
21. I remember instructions better if I can read them than when somebody tells me 
what to do. 
22. I think/concentrate better ifl have something to eat while I am studying. 
23 . I prefer careful descriptions I clear instructions on how to do a homework problems. 
24. I like to eat while I am studying. 
25 . I fmd it difficult to sit down for a long time. 
26. I remember material I study early in the morning the best. 
27. I study most effectively by communicating with people. 
28 . I seldom complete my work. 
29. I normally start with my homework I preparations in the afternoons . 
30. I don't really care about going to school or class. 
31. I like to inwardly feel what I am learning. 
32. Sound (music, TV, company) make it difficult for me to concentrate optimally. 
33 . I would prefer to talk rather than read about new material. 
34. I prefer to work at a lamp in an otherwise dimmed atmosphere. 
35. I enjoy performing experiments. 
36. I normally feel more comfortable at low temperatures than warm ones. 
37. The adults in our family are very proud of me when I perform well in my studies. 
38. I fmd it difficult to study I to do my work. 
39. I concentrate most effectively at low temperatures. 
40. I like to relax on the carpet, a blanket or on the couch while I am busy studying. 
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41. I like to think that my teacher/lecturer feels good when I perform well in my studies. 
42. I remember to do my homework/assignments. 
43. I learn more effectively reading the. learning material rather than speaking about or 
discussing it. 
44. I can ignore noises when I am studying. 
45 . I am happy when I perform well. 
46. I like to learn by_ doing or creating something. 
47. I normally complete my homework assignments. 
48. Ifl was allowed to go to school/class whenever I wanted to I would prefer early 
morning. 
49. It is often necessary to remind me of something that should be done. 
50. It is more difficult for me to do something late in the morning than in the afternoon. 
51. It is easy for me to remember what I learn if I can feel it inwardly. 
52. I like performing exactly defined tasks. 
53. My loved-ones are interested in my progress in my studies. 
54. I like it if my teacher/lecturer monitors (check on) my work. 
55. I enjoy learning by visiting interesting places. 
56. When I have lots oflearning material I prefer to do it on my own. 
57. Sometimes I enjoy learning on my own; on other times I enjoy studying with friends; 
or in the presence of my teacher. 
58. I can sit down for long hours. 
59. I do not succeed to show interest in my studies. 
60. I really enjoy sketching, coloring and tracing pictures. 
61. I remember those things I hear better than those I read about. 
62. I remember the things I learn in the afternoon the best. 
63. Nobody really cares ifl perform well in my studies. 
64. I really enjoy creating things and working with mybands. 
65. I switch on many lights when I am studying. 
66. I enjoy having something to eat, drink or chew while I am studying. 
67. When I really have lots oflearning material I prefer to do it with a group of friends. 
68. When it's hot I am eager to get out. 
69. I remember those things that I have studied early in the morning the best. 
70. I am able to sit on one place for long periods of time. 
71. I often forget to do my homework or to complete my assignments. 
72. I enjoy making things while I am studying. 
73 . I think most effectively in the evenings. 
74. I like having specific instructions before I start working on a task. 
75. I really only wake up at approximately ten o'clock in the morning. 
76. I prefer to do those things that I enjoy most at school or university with my friends. 
77. I like having some of my superiors in the surroundings when I study. 
78. My family would like me to perform well. 
79. The best time for me to study is late in the mornings. 
80. I learn eagerly if I can make things or do something. 
81. It happens quite often that I want to do something new instead of finishing the task 
I am already busy with. 
82. I quite often forget to do the things I was instructed to. 
83. I like to move around and experience the feeling of what I am learning. 
84. When I really have lots oflearning material I love to do with a group of friends . 
85. I enjoy learning through first hand experience. 
86. If I was allowed to go to class any time of day I would prefer early mornings . 
87. I like to have some of my superiors in the surroundings when I do my homework. 
88. I can ignore the majority of noises when I am busy studying. 
89. I would prefer to master new learning material by reading it rather than talking 
about it. 
90. I study most effectively at approximately ten o'clock in the morning. 
91. I like attending classes. 
92 . I remember better by listening to somebody rather than reading the material. 
93. I very often eat something while I am studying. 
94. I like being with friends when I am studying. 
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95 . I find it difficult to remain sitting on one place for long periods of time. 
96. I remember those things I study before the evening arrives, the best. 
97. I think my teacher/lecturer would like me to get good results. 
98 . I like to work together with one of my superiors. 
99. I like building things. 
100. I study most effectively in the afternoons. 
101. Noise troubles me when I am studying. 
102. When I really have lots of learning material I like to work on it with two friends. 
103. If at all possible I like to do my homework I assignments in the afternoons. 
104. I like acquiring new skills. 
1.2. Interpretation of Dunn et al's LSI 
Each of these I 04 statements are mapped (by the system) onto one of the 22 elements identified in sections 
1.2.1 to 1.2.22 below. Depending on whether the student agrees, feels neutral, or disagrees with these 
statements, it is mapped onto a specific one of the 3 options that are listed underneath each element. A score 
is calculated for each of these options. The option with the highest score is recommended by the "artificial 
psychologist" as the student's dominant preference regarding that specific learning style element (for all 22 
of them). The student is advised to try and satisfy the conditions that is described in the recommended 
option. 
The various learning style elements and their respective options are listed below. 
1.2.1. Sound 
a. You prefer a silent study environment. 
b. It depends on the learning material whether you prefer silence or not. 
c. You work with noise in your study environment (radio, TV, etc.). 
1.2.2. Light (intensity) 
a. You prefer to study in a dimmed environment. 
b. It depends on the task whether you prefer high or low light intensity. 
c. You prefer a well lit study environment above a dimmed one. 
1.2.3. Temperature 
a. You like a cool atmosphere, but you are able to adapt. 
b. It depends on the nature of the task, the season and your emotions. 
c. You prefer warmth and sunshine. 
1.2.4. Physical study environment 
a. You think most effectively in an informal study environment. You like studying while sitting on 
your bed, the couch, the floor or carpet. 
b. It depends on the nature of the task. 
c. You think better in a formal study environment where you can sit down at your desk on a hard yet 
comfortable straightback chair. 
1.2.5. Motivation 
a. Because you are not really focussed you seldom enjoy studying. 
b. It depends on the nature of the learning material that must be mastered. You are sometimes able to 
focus , but if you really don't have any interest in the subject matter nothing will force you to study. 
c. Most often you enjoy studying and you really enjoy the experience of performing well and achieving 
success. 
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1.2.6. Perseverance 
a. It happens quite often that you start off projects without completing it. 
b. Your interest in a project determines whether you finish it or not. 
c. You normally finish your tasks (otherwise your conscience will trouble you). 
1.2.7. Responsible 
a. You sometimes do things while you know that it is advisable to let it go. 
b. Whether you do unconventional things or not are determined by what it is, how you feel under the 
circumstances, and so forth. 
c. You are satisfied if you can do those things that you know should be done. 
1.2.8. Structure 
a. You don't like it at all when other persons prescribe to you and tell you what to do. 
b. It depends on what you do, with whom you do it and upon the reason why you want to do it your 
own way or in cooperation with him or her on his or her way. 
c. You prefer guidelines (even the date when a specific task should be handed in). It will enable you to 
know beforehand how to act. 
1.2.9. Learn alone I with peers 
a. You take a dislike to group work. On your own you manage to do much more. 
b. It depends on the members of the group and on what should be done. 
c. Team work suits you. 
1.2.10. Learn with superior (authority) 
a. Instead of obeying the teacher's proposals you do exactly the opposite. 
b. It depends on how much respect you have for the specific teacher. 
c. Normally you follow the teacher's instructions. Because you don't always agree with the teacher 
you sometimes find yourself in two minds while at the same time you are obeying his commands. 
1.2.11. Learn in a variety of ways. 
a. You prefer to decide on your own on a learning style and -aids; be it with one or two friends or in the 
presence of a teacher. 
b. It depends on what you must do. Sometimes you prefer to decide yourself on a learning 
methodology; at other times you respect the chosen way. 
c. Most often you prefer to learn in a variety of ways and to make a selection from a variety of 
learning aids. 
1.2.12. Learn by listening (Auditory) 
a. Wandering thoughts often cause you to sit m the class without knowing much of what is been 
said. 
b. If you are interested you are able to learn while you are listening. 
c. You remember what you hear. If you concentrate on it you can even recall the voices of the 
speakers. It can help you to reconstruct what has been said. 
1.2.13. Learn visually 
a. It is often necessary for you to reread a page in a textbook because you realize that you can't 
remember a thing. 
b. If you are interested you will remember what you have read. Otherwise you will read without 
making much sense out of the material. 
c. You remember most of what you have read. If you concentrate on it you can, long after you have read it, 
recall at pleasure every section, page, paragraph and word in you mind's eye . 
1.2.14. Tactile learning 
a. You have no need to handle an object in order to learn more about its texture, shape and size. 
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b. The level of difficulty of the subject matter under consideration determines the necessity to handle 
relevant objects in order to learn more about its texture, shape and size. 
c. You remember much more about an object if you can handle and investigate it in order to learn 
more abo~t its texture, shape and size. 
1.2.15. Learn by doing (kinesthetic) 
a. Because you are not a very active person you will only write down those things that you know 
will not be remembered easily. It will be either notes or summaries. You don't like class outings or 
subjects requiring handiness. 
b. Your active participation in a lecture by e.g. taking notes or making summaries is determined by 
the level of difficulty of the subject matter and the interestness of the material. You don't mind class 
outings. 
c. Because you are a very active and involved Ieamer you regularly take notes in class and make 
summaries. You are eager to take part in class outings and enjoy subjects requiring handiness or where 
you have to build models, etc. 
1.2.16. Intake 
a. You don't eat, drink or smoke at all while you are studying. 
b. The contents of the fridge determines whether you will eat or drink while you are studying. 
c. You always eat or drink while you are studying. 
1.2.17. Evening morning energy levels 
a. You remember most effectively those things that you study during the evening. 
b. The time of day or night are not important. The nature of the task and the persons with whom 
you will study are of interest. 
c. You remember most effectively those things that you study in the morning. 
1.2.18. Late morning energy level 
a. Although you function pretty well you don't readily study late in the morning. 
b. The time of day is not so important. The nature of the task and the person with whom you 
must study are of more importance. 
c. You study very effectively late in the morning. 
1.2.19. Afternoon energy level 
a. Although it is not easy you still manage to get through the afternoons. 
b. The time of day is not so important. The nature of the task and the persons with whom you will 
study are of more importance. 
c. You study very effectively in the afternoons. 
1.2.20. Mobility 
a. You don't find it difficult to remain seated for long periods of time. 
b. If you are interested you can sit quietly. If you are bored, however, you don't succeed in it. 
c. It is virtually impossible for you to remain seated for long periods of time. 
1.2.21. Parent-oriented 
a. As a rule you like working alone and you feel good when you perform. 
b. It depends on the nature of the task. Sometimes you prefer to work alone, at other times you 
prefer the presence of your parents. 
c. You feel good if your parents are available or present and involved by encouraging and praising 
you. 
1.2.22. Teacher-motivated (authority) 
a. As a rule you work alone and feel good if you perform. Team work also suits you in some cases. 
b. It depends on what must be done and with whom it must be done. 
c. You like it if your teacher is around and involved and encouraging and praising you. 
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2. Kolb's Learning Style Inventqry 
2.1. A Questionnaire to Determine a Student's Problem Solving Approach 
Nine groups of four words are presented as part of Kolb's learning style inventory (Kolb & Rubin & 
Mcintyre, 1984). Each word describes a different approach to problem solving. None of these approaches 
are wrong. You must choose the one in each group which best describes the way in which you normally 
solve problems. 4 marks must be allocated to this approach, 3 marks to the second best description, 2 marks 
to the third best description, and 1 mark to the remaining word. A description of each of the words 
describing the different approaches are provided (in B). Instructions on how to calculate your preferred 
problem solving approach are provided in (C). 
A. Approaches to Problem Solving: Allocate your marks! 
1. I>iscrirninating Tentative Involved 
2. Receptive Relevant Analytical 
3. Feeling Watching Thinking 
4. Accepting Risk taking Evaluate 
5. Intuitive Productive Logical 
6. Abstract Observing Concrete 
7. Present-oriented Reflecting Future-oriented 
8. Experience Observation Conceptualization 






































Information is screened and only that which is relevant is retained. 
Information is provisionally assimilated (taken in). That is, not immediately and unconditionally. 
Whole~ hearted involvement with the facts surrounding the problem. 
Practical attitude towards facts: i.e. how facts can be applied to the situation. 
Open to information. 
Investigate only that information which has a specific bearing on the situation. 
Information is analyzed and divided into simple, meaningful units . 
Preconceived ideas toward the problem are unbiased. 
Emotions play an important role in the process of solving the problem. 
Approach the problem by observing carefully. 
Approach the problem by thinking. 
Approach the problem by doing. 
Given information is not queried I questioned, is accepted without question. 
Taking chances, not scared to take risks . 
Data is critically eva luated. 
Completely open and aware of incoming information. 
Insight into the problem is gained without prior reasoning; have a feeling about the problem. 
Knowledge acquired about the problem is processed and applied. 
The relationship between facts is determined by means of logic and insight 
Information is not necessarily accepted, but is examined critically. 
Information is viewed abstractly and theoretically, divorced from its practical application. 
Notice relevant facts spontaneously. 
Fonnulate the problem in tangible, concrete terms. {E.g. compare a situation with others fro m your experience.) 
Active searching for and utilization of information, and the testing of its implications. 
Judge the implications of facts for the present situation. 
Gain insight into a matter by careful contemplation. 
Judge the implications of facts for future situations. 
Judge the practical value of facts . 
Learn by experience; past experiences have an influence on new situations. 
Approach the problem by making purposeful and systematic observations. 
Formulate an idea in you r mind. 
Find out more about the problem by experimenting with the knowledge you already possess. 
Study the problem in great detail; launch an intensive investigation. 
Cautious approach toward the problem: retain a measure of detachment. 
Use logical reasoning to understand the problem. 
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C. Calculation of Student's Classification -Instructions to Student 
The items in column 1 and rows 2, 3, 4, 5, 7 and 8 should be used to calculate your score for concrete 
experience (CE). The items in column 2 and rows 1, 3, 6, 7, 8 and 9 should be used to calculate your score 
for reflective observation (RO). The items in column 3 and rows 2, 3, 4, 5, 8 and 9 should be used to 
calculate your score for abstract conceptualization (AC). The items in column 4 and rows 1, 3, 6, 7, 8 and 9 
should be used to calculate your score for active experimentation (AE). 
Total your marks allocated for the different learning modes CE, RO, AC and AE (using the marks for the 
items indicated above) . Then calculate your two combination scores AC- CE and AE-RO. 
A positive AC - CE score indicates that you tend to be more abstract in problem solving activities, and a 
negative AC - CE score indicates that you tend to be more concrete in problem solving activities. Likewise, 
a positive or negative AE - RO score indicates that you tend to be either more active or more reflective. 
If your AC - CE score is smaller than or equal to 2 and your AE - RO score is larger than or equal to 3, you 
are classified as an accommodator. If your AC - CE score is smaller than or equal to 2 and your AE - RO 
score is smaller than or equal to 2, you are classified as a diverger. If your AC - CE score is larger than or 
equal to 3 and your AE - RO score is larger than or equal to 3, you are classified as a con verger. If your AC 
- CE score is larger than or equal to 3 and your AE - RO score is smaller than or equal to 2, you are 
classified as an assimilator. 
The characteristics and learning style preferences of the different classifications are spelled out in section 2.2 
below. 
2.2. Interpretation: Stereotypes and Strengths, Weaknesses, Careers, and Fields of 
Study, and Learning Modes 
2.2.1. Assimilators 
Strengths of Assimilators 
1. Interested in comprehension and creation of new ideas, theoretical models and concepts, rather than 
its practical value. 
2. Careful (tentative) observation of different ideas from different perspectives before giving an opinion. 
3. Relies on own thought to form an opinion. 
4. Puts a high premium on patience, impartiality, and well-thought-out judgement. 
5. Focuses primarily on ideas and concepts, rather than people. 
6. Follows a logical structured pattern of thought. 
7. Is goal-oriented, thorough and precise. 
8. Learns by thinking, watching and listening. 
Weaknesses of Assimilators 
1. Work tends to get behind, because of the fully considering of ideas. 
2. Sometimes come up with ideas and theories which are not useable or feasible . 
3. Does not rely on feelings; does speak about problems; keeps for themselves. 
4. When deciding on an idea or theory, you will not easily be put off. 
5. An over-cautiousness restrain you from taking risks. 
Careers of Assimilators 
Careers in information and science. 
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4. Mathematics 
5. Physical Science 
6. Biology 
7. Research . 
2.2.2. Convergers 
Strengths of Convergers 
1. Focuses on analyzing, decision-making, problem solving in practical applications of theoretical ideas. 
2. Puts a high premium on quality. 
3. Pays attention to problem of a technical rather than emotional or interpersonal nature. 
4 . Is goal-oriented, plan systematically and manage time. 
5. Follows instructions with care and accuracy. 
6. Wants to know how something works; is skills-oriented. 
7. Is not tolerant of insignificances. 
8. Learns by thinking and doing. 
Weaknesses of Convergers 
1. Tends to get impersonal and pedantic. 
2. Impatient with that which is, according to own opinion, not useful. 
3. Sometimes finds it difficult working in a team. 
4. Tends to be rigid when a new approach is needed. 
5. Rushed decisions may cause you solving the wrong problems. 
Careers of Con vergers 
Careers as specialists; in technology. 




4 . Engineering 
5. Medicine 
6. Computer Science 
7. Physical Science 
2.2.3. Accommodators 
Strengths of Accommodators 
1. A pragmatist who attaches value to getting things done and seeing results. 
2. Searches for new opportunities and gets involved in new experiences. 
3. Puts a high premium on that which works instead of that which is true. 
4. Likes having an impact on the environment by being active. 
5. Is enthusiastic and adaptable. 
6. Is prepared to take risks ; chances. 
7. Utilizes others' knowledge. 
8. Learns from feeling and by doing. 
Weaknesses of Accommodators 
1. May get impatient and "pushy" . 
2. Spends energy on insignificant activities, which not necessarily bring about any improvement. 
3. Tends working without pre-set goals. 
4. Manifests manipulative behavior. 
Careers of Accommodators 
Careers in organizations, business and promotion. 
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Fields of Study of Accommodators 
I. Management 
2. Public Administration 
3. Educational Administration 
4. Banking 
5. Marketing 





Strengths of Divergers 
1. Very imaginative and relies on feelings . 
2. Able to organize experience and different perspectives to an integral whole. 
3. Successful in unstructured situations; innovative; generate alternatives. 
4. Manifests an open and free approach to life. 
5. Personally involved with and sensitive for others' emotions, feelings and behavior. 
6. High level of involvement with people and culture. 
7. Learns from feeling; watching and listening. 
Weaknesses of Divergers 
1. Tends to be undecided when too many alternatives and possibilities are offered. 
2. Often tries to do too much, works unsystematically and does not finish. 
3. Too less assertive; does not stand up for own pint; give in easily. 
4. Delays till it is too late. 
Careers of Divergers 
Careers in arts and entertainment; service organizations. 






6. Design Art 
7. Writing 
8. Social Work 
9. Psychology 
10. Personnel Management 
11 . Nursing 
12. Policing 
2.2.5. The Transformation Dimension of Experiential Learning and the Learning Modes of the 
Learning Cycle 
RO Learning Mode 
1. Focus on understanding meaning of ideas and situations by careful observations and impartial 
description. 
2. Emphasis on understanding rather than practical application. 
3. Concerned with what is true rather than what will work. 
4. Emphasis on reflection rather than action; rely on own thoughts and feelings to form opinions. 
5. Good at looking at things from different perspectives and appreciate different points of view. 
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6. Value patience, impartiality, and considered, thoughtful judgement. 
AE Learning Mode 
1. Focus on active influence of people and changing situations. 
2. Emphasis on practical application rather than reflective understanding. 
3. Pragmatic concern with what works rather than absolute truth. 
4. Emphasis on doing rather than observing. 
5. Good at getting things done; willing to take risks to achieve objectives. 
6. Value having an influence on the environment and like to see results. 
2.2.6. The Prehension Dimension of Experiential Learning and the Learning Modes of the Learning 
Cycle 
AC Learning Mode 
1. Focus on using logic, ideas and concepts. 
2. Thinking rather than feeling orientation. 
3. Concerned with building general theories rather than intuitive understanding. 
4. Scientific approach rather than artistic to problems. 
5. Good at systematic planning, manipulation of abstract symbols and quantitative analysis. 
6. Value precision, rigor and discipline of analyzing ideas, and aesthetic quality of a neat conceptual 
system. 
CE Learning Mode 
1. Focus on involvement in experiences and dealing with immediate human situations in a personal way. 
2. Feeling rather than thinking orientation. 
3. Concerned with uniqueness and complexity of present reality as opposed to theories and generalizations. 
4. Intuitive, "artistic" approach rather than systematic, scientific approach to problems. 
5. Good at relating to others; Good intuitive decision makers- function well in unstructured situations. 
6. Open-minded approach to life. 
2.2.7. Helpful Environmental Factors and the Learning Modes of the Learning Cycle 
RO Learning Mode 
1. Teachers providing expert interpretations. 
2. Teachers guiding or limiting discussions. 
3. Output judged by external criteria of field. 
4. Lecturing. 
AC Learning Mode 
1. Case studies. 
2. Thinking alone. 
3. Theory readings. 
AE Learning Mode 
1. Small group discussions and classroom participation. 
2. Projects. 
3. Peer feedback. 
4. Homework problems. 
5. Teacher behaving as model of profession. 
6. Own judge ofwork. 
7. Activities to apply skills to practical problems. 
CE Learning Mode 
1. Personalized feedback. 
2. Sharing feelings . 
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3. Teachers behaving as friendly helpers. 
4. Activities oriented toward applying skills to real-life problems. 
5. Peer feedback. 
6. The need to be self-directed and autonomous. 
2.2.8. Hindering Environmental Factors and the Learning Modes of the Learning Cycle 
RO Learning Mode 
I. Task-oriented situation where info generation is focussed on getting some job done. 
2. Classroom participation. 
AC Learning Mode 
I . Group exercises and simulations. 
2. Need to be self-directed/autonomous. 
3. Personalized feedback. 
4. Teachers as models of profession. 
5. Sharing personal feelings about subject. 
6. Dealing with here-and-now info. 
7. Activities oriented toward experiencing being professional in the field. 
AE Learning Mode 
I. Lectures. 
2. Teachers as taskmasters. 
3. Having their work evaluated as simply right or wrong. 
CE Learning Mode 
I . Theoretical reading. 
2. Classroom participation. 
2.2.9. Teaching Activities Supporting the Various Learning Modes of the Learning Cycle 




4. Thought questions. 
5. Rhetorical questions. 
6. Journals. 
RO = Reflective Observation: Listening; Watching 
AC Learning Mode 
1. Lectures. 
2. Papers. 
3. Model building. 
4. Projects. 
5. Analogies. 
6. Project Proposals. 
AC = Abstract Conceptualization: Creating Ideas; Thinking 
AE Learning Mode 
I. Simulations. 
2. Case studies. 
3. Laboratories. 
4. Field work. 
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AE = Active Experimentation: Making Decisions; Doing. 
CE Learning Mode 
1. Laboratories. 
2. Text reading. 
3. Simulations. 
4. Field work. 
5. Problem sets. 
6. Examples. 
CE = Concrete Experience: Getting Involved; Doing. 
3. A Myers Briggs Type Indicator Test 
3.1. The Questionnaire 
The Myers Briggs Type Indicator Test attempts to classify individuals on four dimensions, namely 
extraversion I introversion, sensation I intuition, thinking I feeling, and judgement I perception. 
You must compare the following 60 paired words or phrases, and decide in each case on the one that best 
describes you. Mark your choice with a cross (taken from (Benfari & Knox, 1991)). 
1. I am gregarious. I am reserved. 
2. I am relaxed. I am intense. 
3. I am enthusiastic. I am aloof. 
4. I speak out in groups. I absorb information in groups. 
5. My energy grows at parties. My energy wanes at parties. 
6. I have a large group of friends . I have a select few friends. 
7. I think out loud. I think inside my head. 
8. I look for activity. I seek quiet time. 
9. I like to talk. I like to listen. 
10. I share my personal experiences. I am unapproachable. 
11. I like new experiences. I like stability in my inner life. 
12. I want to be with people. I take a detached approach. 
13. I am influenced by external opinions. I am inner directed. 
14. I show emotions. I exercise restraint. 
15. I respond quickly. I respond warily. 
16. I am realistic. I am inspirational. 
17. I like routine. I like variety. 
18. I think about facts. I think about possibilities. 
19. I like precision. I like brainstorming. 
20. I am concerned with the present. I am concerned with the future . 
21. I use m_yfive senses. I rely on my sixth sense. 
22. My feet are on the ground. My head is in the clouds. 
23. My mind is literal. My mind is figurative . 
24. I make direct statements. I make allegorical statements. 
25. I pay attention to basics. I pay attention to overtones. 
26. I use learned skills. I acquire new skills. 
27. My focus is on reality. My focus is on inspiration. 
28. I am steadfast. I am mercurial. 
29. I work on solving problems. I discover problems. 
30. I like details. I like the big picture. 
31. I am logical and analytical. I have a personal value orientation. 
32. I am critical. I am personable. 
33. I am firm on policy. I bend the rules. 
34. I have an impersonal orientation I have a strong personal involvement to 
problems in problems. 
35. I am direct. I am tactful. 
36. I show justice. I show mercy. 
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37. I am hard-headed. I am soft-headed. 
38. I am fair-minded. I am sympathetic. 
39. I focus on ideas. I focus on ideals. 
40. I am firm. I am gentle. 
41. I am unaffected by atmosphere. I am tuned into atmosphere. 
42. I concentrate on the task. I concentrate on the relationship. 
43. I prefer the honest truth. I avoid unpleasantness. 
44. I am upset by illogic. I accept illogic. 
45 . I am tuned into designs. I am tuned into people. 
46. I am deliberate. I am spontaneous. 
47. I prefer structure. I prefer to be unstructured. 
48. I am decisive. I am cautious. 
49. I am opinionated. I am open-minded. 
50. Ipersevere. I procrastinate. 
51. I am organized and systematic. I am flexible. 
52. I am self-regimented. I am open ended. 
53. I am punctual. I am leisurely. 
54. I am systematic. I am impulsive. 
55. I aim to be right. I accept being wrong. 
56. I am geared to morality. I am geared to the existential. 
57. I am critical. I consent. 
58. I live up to standards. I am open to new experiences. 
59. I have enduring friendships. I have easy acquaintanceships. 
60. I live to plan. I like unplanned activities. 
The first I5 pairs are used to approximately determine whether you are an extrovert or an introvert. The 
first member within these pairs describes a characteristic of an extrovert and the second one a characteristic 
of an introvert. The column in which you have more crosses (in rows I to I5) determines whether you can 
be classified as an extrovert or as an introvert. 
Rows I6 to 30 are used to approximately determine whether you have a sensory or an intuition preference. 
The first member within these pairs describes a characteristic of a sensory preference and the second one a 
characteristic of an intuition preference. The column in which you have more crosses (in rows I6 to 30) 
determines whether you have a sensory or an intuition preference. 
Rows 3I to 45 are used to approximately determine whether you have a thinking or a feeling preference. 
The first member within these pairs describes a characteristic of a thinking preference and the second one a 
characteristic of a feeling preference. The column in which you have more crosses (in rows 3I to 45) 
determines whether you have a thinking or a feeling preference. 
Rows 46 to 60 are used to approximately determine whether you have a judging or a perception preference. 
The first member within these pairs describes a characteristic of a judging preference and the second one a 
characteristic of a perception preference. The column in which you have more crosses (in rows 46 to 60) 
determines whether you have a judging or a perception preference. 
3.2. Interpretation: Relationships of Various Dimensions to Learning Preferences 
and Preferences of Certain Type Combinations 
3.2.1. The Relationship of Extraversion to Learning Preferences 
I. Prefer being active in learning situations. 
2. Prefer oral presentation ofrnaterial to be learned. 
3. Also like to present material orally to others. 
4. Prefer and perform better in dialogue situations. 
5. Prefer social contact and group projects. 
6. Like psychomotor activity. 
3.2.2. The Relationship of Introversion to Learning Preferences 
I . Prefer reflection in learning situations 
2. Avoid dialogue and interaction 
3. Prefer working individually 
4. Need time for internal processing 
5. Need solitude 
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3.2.3. The Relationship of Sensation to Learning Preferences 
I. Has a need for order. 
2. Prefer a step-by-step, practical approach. 
3. Field-dependent (not necessarily) 
4. Prefer set schedules, set goals. 
5. Prefer use of films , audiovisual aids. 
6. Prefer tasks that call for carefulness, thoroughness, soundness of understanding. 
7. Prefer tasks that call for observing specifics. 
8. Prefer tasks that call for memory of facts . 
3.2.4. The Relationship of Intuition to Learning Preferences 
I . Has a need for autonomy and situations requiring imaginativeness. 
2. Need for theoretical orientation to material. 
3. Field-independent. 
4. Prefer to work on own initiative and like doing non-required reading. 
5. Experience problems with time management. 
6. Good at fmding own way in new material. 
7. Prefer reading and have intellectual interests (independent of intelligence). 
8. Prefer tasks that call for quickness of insight and in seeing relationships. 
9. Prefer tasks that call for grasping general concepts. 
I 0. Preference for tasks that call for imagination. 
3.2.5. The Relationship of Thinking to Learning Preferences 
I. Prefer logical organization of material and teacher. 
2. Prefer serious, business-like approach to material and by teacher. 
3. Enjoy formal lectures. 
4. Preference for study of objective material. 
3.2.6. The Relationship of Feeling to Learning Preferences 
I. Prefer non-technical subjects and approach. 
2. Need for affiliation, nuturance and social contact in learning situation. 
3. Need personal rapport with teacher. 
4. Enjoy group projects. 
5. Prefer learning through personal relationships. 
3.2.7. The Relationship of Judging to Learning Preferences 
I . Need for order and formalized instruction. 
2. Structured-motivated: prefer structured environment for learning, are motivated, enjoy drill and 
recitation, teaching games and independent study. 
3. Drive toward closure, completion. 
3.2.8. The Relationship of Perception to Learning Preferences 
I . Need for change, working in flexible way, autonomy and to follow own impulses. 
414 
2. Unstructured-casual: prefer unstructured and informal learning and problem-solving. Can function well 
in a noisy environment, and enjoy tactile learning and discovery tasks. 
3. Good at managing emerging problems. 
3.2.9. Learning Preferences of Certain Type Combinations 
3.2.9.1. Learning Preferences of ES Types (Extrovert-Sensing Types) 
I . Television 
2. Reports to class on topics selected by students. 
3. Scheduling time. 
4. Having a schedule and sticking to it. 
5. Orderly work on goals set in advance. 
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3.2.9.2. Learning Preferences of ST Types (Sensing-Thinking Types) 
1. Demonstrations 
2. Laboratory work. 
3. Television. 
4. Having a plan and sticking to it. 
3.2.9.3. Learning Preferences of SF Types (Sensing-Feeling Types) 
1. Student-led demonstrations or presentations. 
2. Instruction with personal involvement. 
3. Television. 
4. Films and audiovisuals. 
5. Having a study schedule. 
3.2.9.4. Learning Preferences of SP Types (Sensing Perception Types) 
1. Structured exploratory observation, hands-on. 
3.2.9.5. Learning Preferences of EN Types (Extrovert-Intuition Types) 
1. Reading. 
2. Self-instruction. 
3. Courses that put person on own initiative. 
4. Working on group projects. 
5. Meeting a lot of people. 
6. Opportunities to be creative and original. 
3.2.9.6. Learning Preferences of NT Types (Intuition-Thinking Types) 
1. Organized teacher lectures. 
2. Self-instruction. 
3. Reading. 
4. Systematically organized courses. 
3.2.9.7. Learning Preferences ofNF Types (Intuition-Feeling Types) 
1. Learn through personal relationships. 
2. Dislike impersonal, didactic instruction. 
3. Highly value faculty feedback. 
4. Value student enthusiasm. 
5. Low-friction student led discussions. 
6. Opportunities to be creative and original. 
3.2.9.8. Learning Preferences of IS Types (Introvert-Sensing Types) 
1. Demonstrations. 
2. Laboratory work. 
3. Computer assisted instruction. 
4. Films, audiovisual aids. 
5. Facts, facts and more facts . 
6. Dislike independent study. 
3.2.9.9. Learning Preferences of SJ Types (Sensing Judging Types) 
1. Structured didactic, sensory rich instruction. 
3.2.9.10. Learning Preferences of IN Types (Introvert-Intuition Types) 
1. Serious reading. 
2. Tutorials. 
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3. Independent study. 
4. Systematically organized courses. 
3.2.9.11. Learning Preferences of NP Types (Intuition-Perception Types) 
1. Low structure, inductive instruction. 
3.2.9.12. Learning Preferences of NJ Types (Intuition-Judging Types) 
1. Moderate to high structure, "serious" instruction. 
4. An Assessment Instrument to Determine a Student's Temperament 
4.1. The Questionnaire I Instrument 
A list of words describing different human characteristics are presented. In order to determine your 
temperament (La Haye, 1984) you have to mirror yourself in it: You must judge how well each word 
describes your characteristics: 5 marks are allocated to an excellent description and 1 mark to a poor 
description. 2 marks, 3 marks and 4 marks are destined for bad, average and good descriptions. There are 
72 characteristics in total. 
1. Calm and quiet 2. Pessimistic 3. Introvert 
4. Not aggressive 5. Spectator in life 6. Indecisive 
7. Slow and lazy 8. Easy going 9. Calm and cool 
10. Efficient 11. Dependable 12. VVittydryhurnor 
13. Teases 14. Selfish 15. Orderly habits 
16.Stingy 17. Stubborn 18. VVork well under 
pressure 
19. Optimistic 20. Goal-oriented 21. Self-confident 
22. Self-sufficient 23. Activist 24. Domineering 
25. Aggressive 26. Leadership 27. Stick-to-it-
ability iveness 
28. Strong-willed 29. Hot-tempered 30. Insensitive 
31. Unsympathetic 32. Determined 33. Decisive 
34. Sarcastic 35. Practical 36. Outgoing 
3 7. Introvert 38. Idealistic 39. Pessimistic 
40. Indecisive 41. Critical 42. Moody 
43 . Creative 44. Harbors 
resentment 45. Perfectionist 
46. Introspective 4 7. Suspicious 48. Likes behind the 
scenes 
49. Faithful friend 50. Self-sacrificing 51. Easily offended 
52. Self-centered 53. Sensitive 54. Deep feeling 
55 . Outgoing 56. Optimistic 57. Difficulty with 
appointments 
58. Impulsive 59. Egotistical 60. Lives in present 
61. Difficulty 
concentrating 62. Restless 63. Friendly 
64. Enjoyable 65 . Talkative 66. VVeak-willed 
67. Difficulty keeping 69. Easily 
resolutions 68. Undisciplined discouraged 
70. Impractical 71. Compassionate 72. Emotional 
Interpretation of Your Scores 
Characteristics 1-18 are associated with the phlegmatic temperament; 19-36 with the choleric; 37 to 54 with 
the melancholy; and 55 to 72 with the sanguine. Add up your 3, 4 and 5 point scores for these four 
classifications and write it down. 
Phlegmatic Choleric Melancholy Sanguine 
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Combine the temperaments of your two top scores, and read the appropriate description in section 4.2 below. 
The relationship between temperaments and study habits are provided in the section thereafter. 
4.2. Twelve Temperament Blends 
4.2.1. The SanChlor - A Combination of the Sanguine and the Choleric 
The strongest extrovert of all blends of temperaments will be the SanChlor, for the two temperaments that 
make up his nature are both extroverted. The happy charisma of the· sanguine makes him a people-oriented, 
enthusiastic, salesman type, but the choleric side of his nature will provide him the necessary resolution and 
character traits that will fashion a somewhat more organized and productive individual than if he were pure 
sanguine. Almost any people-oriented field is open to him, but to sustain his interest it must offer variety, 
activity, and excitement. 
The potential weaknesses of a SanChlor are usually apparent to everyone because he is such an external 
person. He customarily talks too much, thus exposing himself and all his weaknesses for all to see. He is 
highly opinionated. Consequently he expresses himself loudly even before he knows all the facts. To be 
honest, no one has more mouth trouble! If he is the life of the party, he is loveable; but if he feels threatened 
or insecure, he can become obnoxious. His leading emotional problem will be anger, which can catapult him 
into action at the slightest provocation. Since he combines the easy forgetfulness of the sanguine and the 
stubborn casuistry of the choleric, he may not have a very active conscience. Consequently, he tends to 
justify his actions. 
Simon Peter, the self-appointed leader of the twelve apostles, is a classic example of a New Testament 
SanChlor. He obviously had mouth trouble, demonstrating this repeatedly by speaking up before anyone 
else did. He talked more in the Gospels than all the others put together - and most of what he said was 
wrong! He was egotistical, weak-willed, and carnal throughout the Gospels. In Acts, however, he was a 
remarkably transformed man- resolute, effective, and productive. What made the difference? He was filled 
with the Spirit. 
4.2.2. The SanMel- A Combination of the Sanguine and the Melancholy 
SanMels are highly emotional people who fluctuate drastically. They can laugh hysterically one minute and 
burst into tears the next. It is almost impossible for them to hear a sad tale, observe a tragic plight of another 
person, or listen to melancholic music without weeping profusely. They genuinely feel the griefs of others. 
Almost any field is open to them, especially public speaking, acting, music, and the fine arts. However, 
SanMels reflect an uninhibited perfectionism that often alienates them from others because they verbalize 
their criticisms. They are usually people-oriented individuals who have sufficient substance to make a 
contribution to other lives - if their ego and arrogance don't make them so obnoxious that others become 
hostile to them. 
One of the crucial weaknesses of this temperament blend prevails in SanMel's thought-life . Both sanguines 
and melancholies are dreamers, and thus if the melancholy part of his nature suggests a negative train of 
thought, it can nullify a SanMels potential. It is easy for him to get down on himself. In addition, this 
person more than most others, will have both an anger problem and a tendency toward fear. Both 
temperaments in his make-up suffer from an insecurity problem; not uncommonly, he is fearful to utilize his 
potential. Being admired by others is so important to him that it will drive him to a consistent level of 
performance. He has a great ability to commune with God, and if he walks in the Spirit he will make an 
effective servant of Christ. ' 
King David is a classic example of the SanMel temperament. An extremely likeable man who attracted both 
men and women; he was colorful, dramatic, emotional, and weak-willed. He could play a harp and sing, he 
clearly demonstrated a poetic instinct in his Psalms, and he made decisions on impulse. Unfortunately, like 
many SanMels, he fouled up his life by a series of disastrous and costly mistakes before he gained enough 
self-discipline to finish out his destiny. All SanMels, of course, are not able to pick up the pieces of their 
lives and start over as David did. It is far better for them to walk in the Spirit daily and avoid such mistakes. 
4.2.3. The SanPhleg - A Combination of the Sanguine and the Phlegmatic 
The easiest person to like is a SanPhleg. The overpowering and obnoxious tendencies of a sanguine are 
offset by the gracious, easygoing phlegmatic. SanPhlegs are extremely happy people whose carefree spirit 
and good humor make them lighthearted entertainers sought after by others. Helping people is their regular 
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business, along with sales of various kinds. They are the least extroverted of any of the sanguines and are 
often regulated by their environment and circumstances rather than being self- motivated. SanPhlegs are 
naturally pro-family and preserve the love of their children- and everybody else for that matter. They would 
not purposely hurt anyone. 
The SanPhleg's greatest weaknesses are lack of motivation and discipline. He would rather socialize than 
work, and he tends to take life too casually. As an executive remarked about one, "He is the nicest guy I 
ever frred." He rarely gets upset about anything and tends to find the bright side of everything. He usually 
has an endless repertoire of jokes and delights in making others laugh, often when the occasion calls for 
seriousness. When Jesus Christ becomes the chief object of his love, he is transformed into a more resolute, 
purposeful, and productive person. 
The first century evangelist Apollos is about as close as we can come to a New Testament illustration of the 
SanPhleg. A skilled orator who succeeded Paul and others who had founded the churches, he did the work 
of stirring the churches with his Spirit-filled preaching and teaching. Loved by all, followed devotedly by 
some, this pleasant and dedicated man apparently traveled a great deal but did not found new works. 
4.2.4. The ChlorSan - A Combination of the Choleric and the Sanguine 
The second strongest extrovert among the blends of temperament will be the reverse of the frrst - the 
ChlorSan. This man's life is given over completely to activity. Most of his efforts are productive and 
purposeful, but watch his recreation - it is so activity-prone that it borders on being violent. He is a natural 
promoter and salesman, with enough charisma to get along well with others. Certainly the best motivator of 
people and one who thrives on a challenge, he is almost fearless and exhibits boundless energy. His wife will 
often comment, "He has only two speeds: wide open and stop." Mr ChlorSan is the courtroom attorney who 
can charm the coldest-hearted judge and jury, the fund-raiser who can get people to contribute what they 
intended to save, the man who never goes anywhere unnoticed, the preacher who combines both practical 
Bible teaching and church administration, and the politician who talks his state into changing its constitution 
so he can represent them one more time. A convincing debater, what he lacks in facts or arguments he 
makes up in bluff and bravado. As a teacher, he is an excellent communicator, particularly in the social 
sciences; rarely is he drawn to math, science or abstract. Whatever his professional occupation, his brain is 
always in motion. 
The weaknesses of this man, the chief of which is hostility, are as broad as his talents. He combines the 
quick, explosive anger of the sanguine (without the forgiveness) and the long-burning resentment of the 
choleric. He is the one personality type who not only gets ulcers himself, but gives them to others. Impatient 
with those who do not share his motivation and energy, he prides himself on being brutally frank (some call 
it sarcastically frank) . It is difficult for him to concentrate on one thing very long, which is why he often 
enlist others to finish what he has started. He is opinionated, prejudiced, impetuous, and inclined doggedly 
to finish a project he probably should not have started in the frrst place. If not controlled by God, he is apt to 
justify anything he does - and rarely hesitates to manipulate or walk over people to accomplish his ends. 
Most ChlorSans get so engrosses in their work that they neglect wife and family, even lashing out at them if 
they complain. Once he comprehends the importance of giving love and approval to his family, however, he 
can transform his entire household. 
James the author of the biblical book that bears his name, could well have been a ChlorSan- at least his book 
sounds like it. The main thrust of the book declares that "faith without works is dead" - a favoured concept 
of work-loving cholerics. He used the practical and logical reasoning of the choleric, yet was obviously a 
highly esteemed man of God. One human weakness he discusses - the frre of the tongue, and how no man 
can control it - relates directly to his temperament's most vulnerable characteristic, for we all know the 
ChlorSans feature a razor-sharp, active tongue. His victory and evident productiveness in the cause of Christ 
is a significant example to any thoughtful ChlorSan. 
4.2.5. The ChlorMel -A Combination of the Choleric and the Melancholy 
The choleric/melancholy is an extremely industrious and capable person. The optimism and practicality of 
the choleric overcome the tendency toward moodiness of the melancholy, making the ChlorMel both goal-
oriented and detailed. Such a person usually does well in school, possesses a quick, analytical mind, yet is 
decisive. He develops into a thorough leader, the kind whom one can always count on to do an 
extraordinary job. Never take him on in a debate unless you are assured of your facts, for he will make 
mincemeat of you, combining verbal aggressiveness and attendance to detail. This man is extremely 
competitive and forceful in all he does. He is a dogged researcher and is usually successful, no matter what 
kind of business he pursues. This temperament probably makes the best natural leader. 
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Equally as great as his strengths are his weaknesses. He is apt to be autocratic, a dictator type who inspires 
admiration and hate simultaneously. He is usually a quick-witted talker whose sarcasm can devastate others. 
He is a natural-born crusader whose work habits are irregular and long. A ChlorMel harbors considerable 
hostility and resentment, and unless he enjoys a good love relationship with his parents, he will find 
interpersonal relationships difficult, particular with his family. No man is more apt to be an overly strict 
disciplinarian than the ChlorMel father. He combines the hard-to-please tendency of the choleric and the 
perfectionism of the melancholy. When controlled by the Holy Spirit, however, his entire emotional life is 
transformed and he makes an outstanding Christian. 
The Apostle Paul was probably a ChlorMel. Before his conversion, he was hostile and cruel, for the 
Scripture teaches that he spent his time persecuting and jailing Christians. Even after his conversion, his 
strong-willed determination turned to unreasonable bullheadedness, as when he went up to Jerusalem against 
the will and warning of God. His writings and ministry demonstrates the combination of the practical-
analytical reasoning and the self-sacrificing but extremely driving nature of the ChlorMel. He is a good 
example of God's transforming power in the life of a ChlorMel who is completely dedicated to God's will. 
4.2.6. The ChlorPhleg -A Combination of the Choleric and the Phlegmatic 
The most subdued of all the extrovert temperaments is the ChlorPhleg, a happy blend of the quick, active 
and hot with the calm, cool and unexcited. He is not as apt to rush into things as quickly as the other 
extroverts because he is more deliberate and subdued. He is extremely capable in the long run, although he 
does not particularly impress you that way at first. He is a very organized person who combines planning 
and hard work. People usually enjoy working with and for him because he knows where he is going and has 
charted his course, yet he is not unduly severe with people. He has the ability to help others make the best 
use of their skills and rarely offends people or makes them feel used. The ChlorPhleg's slogan on 
organization states, "Anything that needs to be done can be done better it it's organized." These men are 
usually good husbands and fathers as well as excellent administrators in almost any field. 
In spite of his obvious capabilities, the ChlorPhleg is not without a notable set of weaknesses. Although not 
as addicted to the quick anger as some temperaments, he is known to harbor resentment and bitterness. 
Some of the cutting-edge of the choleric's sarcasm is here offset by the gracious spirit of the phlegmatic; so 
instead of uttering cutting and cruel remarks, his barbs are more apt to emerge as cleverly disguised humor. 
One is never quite sure whether he is kidding or ridiculing, depending on his mood. No one can be more 
bullheadedly stubborn than a ChlorPhleg, and it is very difficult for him to change his mind once it is 
committed. Repentance, or the acknowledgement of a mistake is not at all easy for him. Consequently, he 
will be more apt to make it up to those he has wronged without really facing the mistake. The worrisome 
traits of the phlegmatic side of his nature may so curtail his adventurous tendencies that he never quite 
measures up to his capabilities. 
Titus, the spiritual son of the Apostle Paul and leader of the hundred or so churches on the Isle of Crete, may 
well have been a ChlorPhleg. When filled with the Spirit he was the kind of man on whom Paul could 
depend to faithfully teach the Word to the churches and administrate them capably for the glory of God. The 
book which Paul wrote to him makes ideal reading for any teacher, particularly a ChlorPhleg. 
4.2. 7. The MeiSan - A Combination of the Melancholy and the Sanguine 
Mr. MelSan is usually a very gifted person, fully capable of being a musician who can steal the heart of an 
audience. As an artist, he not only draws or paints beautifully but can sell his own work - if he's in the right 
mood. It is not uncommon to encounter him in the field of education, for he makes a good scholar and 
probably the best of all classroom teachers, particularly on the high school and college level. The 
melancholy in him will ferret out little known facts and be exacting in the use of events and detail, while the 
sanguine will enable him to communicate well with students. 
Mr. Mel San shows an interesting combination of mood swings. Be sure of this : he is an emotional creature! 
When circumstances are pleasing to him, he can reflect a fantastically happy mood. But if things work out 
badly or he is rejected, insulted, or injured, he drops into such a mood his lesser sanguine nature drowns in 
the resultant sea of self-pity. He is easily moved to tears, feels everything deeply, but can be unreasonable 
critical and hard on others. He tends to be rigid and usually will not cooperate unless things go his way, 
which is often idealistic and impractical. He is often a fearful, insecure man with a poor self-image which 
limits him unnecessarily. 
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Many of the prophets were MelSans- John the Baptist, Elijah, Jeremiah, and others. They had tremendous 
capacity to commune with God, were self-sacrificing people-helpers who had enough charisma to attract a 
following, tended to be legalistic in their teachings and calls for repentance, exhibited a flair for the 
dramatic, and willingly died for their principles. 
4.2.8. The MelChior - A Combination of the Melancholy and the Choleric 
The mood swings of the melancholy are usually stabilized by the MelChior's self-will and determination. 
There is almost nothing vocationally which this man cannot do - and do well. He is both a perfectionist and 
a driver. He possesses strong leadership capabilities. Almost any craft, construction, or educational level is 
open to him. Unlike the MelSan, he may found his own institution or business and run it capably - not with 
noise and color but with efficiency. Many a great orchestra leader and choral conductor is a MelChior. 
The natural weaknesses of MelChlors reveal themselves in the mind, emotions, and mouth. Once they start 
thinking negatively about something or someone (including themselves), they can be intolerable to live with. 
Their mood follows their thought process. Although they do not retain a depressed mood as long as the 
other blends of melancholy, they can lapse into it more quickly. The two basic temperaments haunted by 
self-persecution, hostility, and criticism are the melancholy and the choleric. It is not uncommon for him to 
get angry at God as well as his fellowman, and if such thoughts persist long enough he may become manic-
depressive. In extreme cases, he can become sadistic. When confronted with his vile thinking pattern and 
angry, bitter spirit, he can be expected to explode. 
His penchant for detailed analysis and perfection tends to make him a nitpicker who drives others up the 
wall. Unless he is filled with God's Spirit or can maintain a positive frame of mind, he is not enjoyable 
company for long periods of time. No one is more painfully aware of this than his wife and children. He not 
only "emotes" disapproval, but feels compelled to castigate them verbally for their failures and to correct 
their mistakes - in public as well as in private. This man, by nature, desperately needs the love of God in his 
heart, and his family needs him to share it with them. 
Many of the great men of the Bible show signs of a MelChior temperament. Two that come to mind are 
Paul's tireless traveling companion, Dr. Luke, the painstaking scholar who carefully researched the life of 
Christ and left the church the most detailed account of our Lord's life, as well as the only record of the 
spread of the early church, and Moses, the great leader of Israel. Like many MelChlors, the latter never 
gained victory over his hostility and bitterness. Consequently, he died before his time. Like Moses, who 
wasted 40 years on the back-side of the dessert, harboring bitterness and animosity before surrendering his 
life to God, many a MelChior never lives up to his amazing potential because of the spirit of anger and 
revenge. 
4.2.9. The MelPhleg - A Combination of the Melancholy and the Phlegmatic 
Some of the greatest scholars the world has ever known have been MeiPhlegs. They are not nearly as prone 
to hostility as the other two melancholies and usually get along well with others. These gifted introverts 
combine the analytic perfectionism of the melancholy with the organized efficiency of the phlegmatic. They 
are usually good-natured humanitarians who prefer a quiet, solitary environment for study and research to 
the endless rounds of activities sought by the more extroverted temperaments. MelPhlegs are usually 
excellent spellers and good mathematicians. These gifted people have greatly benefited humanity. Most of 
the world's significant inventions and medical discoveries have been made by MelPhlegs. 
Despite his abilities, the MelPhleg, like the rest of us, has his own potential weaknesses. Unless controlled 
by God, he easily becomes discouraged and develops a negative thinking pattern. But once he realizes it is a 
sin to develop the spirit of criticism and learns to rejoice, his entire outlook on life can be transformed. 
Ordinarily, a quiet person, he is capable of inner angers and hostility caused by his tendency to be vengeful. 
MelPhlegs are usually vulnerable to fear, anxiety and a negative self-image. It has always amazed me that 
the people with the greatest talents and capabilities are often victimized by genuine feelings of poor self-
worth. Their strong tendency to be conscientious allows them to let others pressure them into making 
commitments that drain their energy and creativity. When filled with God's Spirit, these people are loved 
and admired by their family because their personal self-discipline and dedication are exemplary in the home. 
But humanitarian concerns can cause them to neglect their family. Unless they learn to pace themselves and 
enjoy diversions that help them relax, they often become early mortality statistics. 
The most likely candidate for a MelPhleg in the Bible is the beloved Apostle John. He obviously had a very 
sensitive nature, for as a youth he laid his head on Jesus' breast at the Lord's Supper. On one occasion he 
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became so angry at some people that he asked the Lord Jesus to call fire from heaven down on them. Yet at 
the crucifixion he was the lone disciple who stood at the cross. John was the one to whom the dying Jesus 
entrusted his mother. Later the disciple became a great church leader and left us five books in the New 
Testament, two of which (the Gospel of John and the Book of Revelation) particularly glorify Jesus Christ. 
4.2.10. The PhlegSan- A Combination of the Phlegmatic and the Sanguine 
The easiest of the twelve temperament blends to get along with over a long period of time is the PhlegSan. 
He is congenial, happy, cooperative, thoughtful, people-oriented, diplomatic, dependable, fun-loving, and 
humorous. A favorite with children and adults, he never displays an abrasive personality. He is usually a 
good family man who enjoys a quiet life and loves his wife and children. Ordinarily, he attends a church 
where the pastor is a good motivator; there he probably takes an active role. 
The weaknesses of a PhlegSan are as gentle as his personality -unless you have to live with him all the time. 
Since he inherited the lack of motivation of a Phlegmatic and the lack of self-discipline of a Sanguine, it is 
not uncommon for the PhlegSan to fall short of his true capabilities. He often quits school, passed up good 
opportunities, and avoids anything that involves "too much effort" . Fear is another problem that accentuates 
his unrealistic feelings of insecurity. With more faith, he could grow beyond his timidity and self-defeating 
anxieties. However, he prefers to build a self-protective shell around himself and selfishly avoids the kind of 
involvement or commitment to activity that he needs and that could be a rich blessing to his partner and 
children. I have tremendous respect for the potential of these happy, contended people, but they must 
cooperate by letting God motivate them to unselfish activity. 
The man in the Scripture that reminds me most of the PhlegSan is gentle, faithful, good-natured Timothy, the 
favorite spiritual son of the Apostle Paul. He was dependable and steady but timid and fearful. Repeatedly, 
Paul had to urge him to be more aggressive and to "do the work of an evangelist". 
4.2.11. The PhlegChlor- A Combination of the Phlegmatic and the Choleric 
The most active of all phlegmatics is the PhlegChlor. But it must be remembered that since he is 
predominantly phlegmatic, he will never be a ball of fire. Like his brother phlegmatics, he is easy to get 
along with and may become an excellent group leader. The phlegmatic has the potential to become a good 
counselor, for he is an excellent listener, does not interrupt the client with stories about himself, and is 
genuinely interested in other people. Although the PhlegChlor rarely offers his services to others, when they 
come to his organized office where he exercises control, he is a fust rate professional. His advice will be 
practical, helpful, and - if he is a Bible-taught Christian - quite trustworthy. His gentle spirit never makes 
people feel threatened. He always does the right thing, but rarely goes beyond the norm. If his wife can 
make the adjustment to his passive life-style and reluctance to take the lead in the home, particularly in the 
discipline of their children, they can enjoy a happy marriage. 
The weaknesses of the PhlegChlor are not readily apparent but gradually come to the surface, especially in 
the home. In addition to the lack of motivation and the fear problems of the other phlegmatics, he can be 
determinedly stubborn and unyielding. He doesn't blow up at others, but simply refuses to give in or 
cooperate. He is not a fighter by nature, but often lets his inner anger and stubbornness reflect itself in 
silence. The PhlegChlor often retreats to his "workshop" alone or nightly immerses his mind in TV. The 
older he gets, the more he selfishly indulges his sedentary tendency and becomes increasingly passive. 
Although he will probably have a long and peaceful life, if he indulges these passive feelings it is a boring 
life - not only for him, but also for his family. He needs to give himself to the concerns and needs of his 
family. 
No man in the Bible epitomizes the PhlegChlor better than Abraham in the Old Testament. Fear 
characterized everything he did in the early days. For instance, he was reluctant to leave the security of the 
pagan city of Ur when God first called him; he even denied his wife on two occasions and tried to palm her 
off as his sister because of fear. Finally, he surrendered completely to God and grew in the Spirit. 
Accordingly, his greatest weakness became his greatest strength. Today, instead of being known as fearful 
Abraham, he has the reputation of being the man who "believed in the Lord, and he counted it unto him for 
righteousness ." 
4.2.12. The PhlegMel - A Combination of the Phlegmatic and the Melancholic 
Of all the temperament blends, the PhlegMel is the most gracious, gentle and quiet. He is rarely angry or 
hostile and almost never says anything for which he must apologize (mainly because he rarely says much). 
He never embarrasses himself or others, always does the proper thing, dresses simply, is dependable and 
Stellenbosch University  https://scholar.sun.ac.za
422 
exact. He tends to have the spiritual gifts of mercy and help, and he is neat and organized in his working 
habits . Like any phlegmatic, he is handy around the house and as energy permits will keep his home in good 
repair. If he has a wife who recognizes his tendencies toward passivity (but tactfully waits for him to take 
the lead in their home), they-will have a good family life and marriage. However, if she resents his reticence 
to lead and he aggressive, she may become discontented and forment marital strife. He may neglect the 
discipline necessary to help prepare his children for a productive, self-disciplined life and so "provoke his 
children to wrath" just as much as the angry tyrant whose unreasonable discipline makes them bitter. 
The other weaknesses of this man revolve around fear, selfishness, negativism, criticism, and lack of self-
image. Once a PhlegMel realizes that only his fears and negative feelings about himself keep him from 
succeeding, he is able to come out of his shell and become an effective man, husband and father. Most 
PhlegMels are so afraid of over-extending themselves or getting over involved that they automatically refuse 
almost any kind of affiliation. 
A PhlegMel is never over involved in anything - except in keeping from getting over involved. He must 
recognize that since he is not internally motivated he definitely needs to accept more responsibility than he 
thinks he can fulfill, for that external stimulation will motivate him to greater achievement. All phlegmatics 
work well under pressure, but it must come from outside. His greatest source of motivation, of course, will 
be the power of the Holy Spirit. 
Barnabas, the godly saint of the first-century church who accompanied the Apostle Paul on his first 
missionary journey, was in all possibility a PhlegMel. He was the man who gave half his goods to the early 
church to feed the poor, the man who contended with Paul over providing John Mark (his nephew) another 
chance to serve God by accompanying them on the second missionary journey. Although the contention 
became so sharp that Barnabas took his nephew and they proceeded on their journey by themselves, Paul 
later commended Mark saying, "He is profitable to me for the ministry". Today we have the Gospel of Mark 
because faithful, dedicated and gentle Barnabas was willing to help him over a hard place in his life. 
PhlegMels respond to the needs of others if they will just let themselves move out into the stream of life and 
work with people where they are. 
4.3. Temperaments and Study Habits 
4.3.1. The Sanguine Temperament and Study Habits 
1. Not usually good students (unless they have a high IQ). 
2. Also good if they are motivated. 
3. Often bright enough but restless and undisciplined. 
4. Short interest span; easily distracted. 
5. Many sanguines have incredible potential but squander it because of a lack of discipline. 
6. Cannot concentrate for long periods of time. 
4.3.2. The Choleric Temperament and Study Habits 
1. As a rule they are clever but not brilliant. 
2. Like people-oriented subjects like history, geography, literature and psychology. 
3. May not be good spellers because of speed-reading. 
4. Have curious minds - constantly asks why? 
5. Love charts, diagrams and graphs. 
6. Likes to know where everything fits in the main scheme of things. 
7. They may have a difficult time concentrating on anything that reminds them of other goals or projects 
that get their minds off on a tangent and then may have a difficult time getting back to the subject at 
hand. 
4.3.3. The Melancholy Temperament and Study Habits 
1. Good students who enjoy learning. 
2. lnquisite minds. 
3. Can have a ferocious appetite for books. 
4. Keen retentive minds able to remember a multitude of details. 
5. Good spellers because they take a mental picture of a word. 
6. Messy files, desk tops that is impossible to organize: despite that they have amazing concentration. 
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4.3.4. The Phlegmatic Temperament and Study Habits 
1. Good students if they can overcome procrastination. 
2. Need short-term rather than long-term assignments. 
3. Good under pressure although they say they don't like it. 
4. Orderly minds capable of analysis and deductions. 
5. Get their news more from TV than from newspapers and magazines. 
6 . Good memories and intelligent if motivated to learn. 
5. An Assessment Instrument for Verbal and Visual Learning Styles 
This test instrument is based upon Richardson's Verbaliser-Visualizer Questionnaire (Kirby & Moore, 1988). It 
determines whether you prefer to learn verbally in words, by reading or listening, or visually, preferring information as 
depicted in graphs, diagram and pictures. It is a 20 item true-false test. You are presented with 20 !-statements 
(provided below). In each case you must indicate whether you agree or disagree with the statement. Indicate agreement 
with a "Y" and disagreement with a "N". 
I. I enjoy doing work that requires the use of words. 
2. I enjoy learning new words. 
3. I can easily think of synonyms for words. 
4. I read rather slowly. 
5. I prefer to read instructions about how to do something rather than have someone show me. 
6. I have better than average fluency in using words. 
7. I spend little time attempting to increase my vocabulary. 
8. I dislike word games like crossword puzzles. 
9. I dislike looking words up in dictionaries. 
10. I have a hard time remembering the words to songs. 
II. I don't believe that anyone can think in terms of mental pictures. 
12. I find illustrations or diagrams help me when I'm reading. 
13. I have a hard time making a "mental picture" of a place that I've only been to a few times. 
14. I seldom use diagrams to explain things. 
15. I like newspaper articles that have graphs. 
16. I don't like maps or diagrams in books. 
17. When I read books with maps in them, I refer to the maps a lot. 
18. The old sa}'ing "A picture is worth a thousand words" is certainly true for me. 
19. I have always disliked jigsaw puzzles. 
20. I find maps helpful in finding my way around a new city. 
Items I to I 0 measures your verbal preference and items II to 20 your visual preference. You should increment your 
verbal score with I for every statement from statements I, 2, 3, 5 and 6 with which you agree, and for every statement 
from statements 4, 7, 8, 9 and 10 with which you disagree. You should, in a similar manner, increment your visual score 
with I for every statement from statements 12, 15, 17, 18 and 20 with which you agree, and for every statement from 
statements II, 13, 14, 16 and 19 with which you disagree. The larger of the two scores determines whether you have a 
verbal or a visual preference. 
6. A Study Preference Questionnaire Determining Global or 
Sequential Preferences 
The Study Preference Questionnaire (Ford, 1985) was developed to assess preferences for one or other sequence of 
learning approaches: Global description-building predominantly before local procedure building, or vice versa. It 
classifies you as having either a holist-like or a serialist-like bias, or a combination of both. Consider the following 18 
pairs of statements, and the instructions thereafter. 
a. When reading a book (or other info source) for my studies, I generally tend to concentrate on certain parts, and 
skip over others quite markedly going back later to fill in any "gaps" or "missing links". 
b. I tend to follow the author's presentation reasonably closely, rather' than skipping about a lot. 
2 a. When I am studying for an essay, I try to gather as much information as possible at the start. 
b. I prefer to have more of a "steady flow" throughout my preparation for the essay. 
3 a. When I am studying, I generally prefer to deal reasonably thoroughly with one book (or other information 
source) before moving on to another. 
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b. I generally prefer to have a number of books (or other info sources) "on' the go" at the same time. 
4 a. When I am studying a new subject, I tend to want to keep the whole picture of the subject in my mind all the 
time and find it hard to concentrate on very detailttd aspects unless I constantly relate them clearly to the broad 
overall picture. 
b. Once I've analyzed the subject into its component parts, I like to focus on each of these parts in detail, 
systematically building up the overall picture bit by bit. 
5 a. When I'm in the library, I tend to be looking for specific books, etc, rather than browsing (generally speaking). 
b. I tend to spend quite a lot of time browsing in the library. 
6 a. For students who learn in the way I do, the best form of training in library use would be to follow a well 























For students who learn in the way I do, the best form of training in library use would be to learn them (whether 
simple or complex) as they encounter the need for them during their studies (a sort of "on demand" teaching). 
When reading a book (or other info source) for my studies, I prefer to spend quite a long time skimming over and 
dipping into it to get a clear picture of what's it about and how it will be relevant. 
I prefer to get quite soon into a fairly detailed reading of it once I know that it is going to be useful, in the 
knowledge that its precise relevance and contribution will become clear from a detailed reading. 
Generally I prefer to concentrate on one (or a very few) aspect(s) of a subject at a time when I'm learning about 
it. 
Generally I prefer to be learning about a number of different aspects of a subject at the same time. 
Once I've done a basic analysis of what the subject involves, I'm happy to put to the back of my mind 
temporarily the broad overall picture while I do some work on the more detailed aspects. 
I tend to want to keep the overall picture uppermost in my mind the whole time, and only work on 
more detailed aspects if I can see precisely how they will fit in to this picture. 
Summaries of a wide range of books (and other info sources) would not really be much use to me when I'm 
doing an essay- I really need the full text more or Jess straight away. 
Summaries would be very useful in the initial stages of my work on an essay. 
I like to approach a new subject in a broad way- often looking at widely spaced aspects of the subject and seeing 
how they may all fit together, before going back to "fill in" any strictly logical steps that I may have skipped. 
I like the logical links between different aspects of a new subject to be very close so that when I'm 
learning about a second aspect I can see very clearly how it relates to the first aspect that I have 
already learned about, and so on. 
When I am doing an essay, I think that I tend to use rather fewer information sources than most people on the 
course. 
I think that I tend to use rather more information sources than most people on the same course. 
I find it too restrictive to wait until I have thoroughly "mastered" one aspect of a new subject I am learning about 
before going on to study other aspects. 
I like to deal fairly thoroughly with the particular aspect I'm working on before going on to study 
others. 
Where a book chapter or journal article includes a separate summary of what it is about, I generally prefer to get 
straight into the main text - since it contains all that is in the summary anyway. 
Generally I prefer to read the summary before reading the full text- even though it will all be found 
in greater detail in the main text. 
When I'm studying for an essay, I like to start by "soaking in" a wide range of information in order to get the 
"feel" of the subject. 
I prefer to analyze the topic fairly early on, and search for information which is more clearly focussed on 
particular aspects of the topic. 
When I'm reading a book (or other info source) for my studies, I prefer to work through it fairly logically from 
beginning to end. 
I prefer to skip about and "dip in" quite a lot. 
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17 a. Where a book or journal article has a separate summary of conclusions, I prefer to get straight into the main text, 
where each conclusion is presented along with the evidence on which it is based. 
b. I prefer to spend quite a bit of time reading the summary of conclusions before going on to a detailed reading of 
the main text. 
18 a. When I'm learning about a new subject, I like to keep coming back to particular aspects on different occasions, to 
get further details as I require them. · 
b. I prefer to deal with particular aspects of a new subject as thoroughly as I can at one time so that I need not keep 
returning to them on different occasions to get further details. 
Instructions 
Consider these 18 pairs of statements. For each pair you must do the following: If you agree with the first statement, 
write down a" I" in the table below. If you agree with the first statement, with reservations, write down a "2" in the table 
below. If you have no preference for either the first or the second statements, write down a "3" in the table below. If 
you agree with the second statement, with reservations, write down a "4" in the table below. If you agree with the 
second statement write down a "5" in the table below. 
Scoring table: 
1. 2. 3. 
4. 5. 6. 
7. 8. 9. 
IO. II. I2. 
13. I4. I5. 
I6. I7. I8. 
Whether you prefer a sequential or a global approach to learning is determined as follows: 
Consider entries I, 8, II, I3 and I6 in the table. 
Increment your global score with I for every 'I' in the spaces associated with statements I, II and 13 and for 
every '5' in the spaces associated with statements 8 and I6. Increment your global score with 0.5 for every 
'2' in the spaces associated with statements I, II and I3 and for every '4' in the spaces associated with 
statements 8 and I6. 
Increment your sequential score with 1 for every '5' in the spaces associated with statements 1, 11 and 13 and 
for every '1' in the spaces associated with statements 8 and 16. Increment your sequential score with 0.5 for 
every '4' in the spaces associated with statements 1, 11 and I3 and for every '2' in the spaces associated with 
statements 8 and 16. 
The larger of the two scores determines whether you have a global or a sequential preference. 
7. An Instrument to Determine Left- and Right Brain Preferences 
7.1. Neethling's Brain Profile Test 
An approximation of Neethling's Brain Profile Test (described in (Neethling & Rutherford, I996)) was 
adapted for our environment, computerized and used in the following format: 
The student must consider the following list of 32 characteristics I activities typically associated with the 
four quadrants of the brain (8 with each of the LI, L2, RI and R2 quadrants). 
If he has a very strong preference for a specific characteristic I activity, a mark of95+ should be allocated to 
it. If he has a strong preference for it, a value between 80 and 94 should be allocated. A strong to average 
preference should receive a mark between 74 and 79. An average preference should be rewarded with a 
mark between 65 and 73, a low preference with a mark between 50 and 64, and a very low preference with a 
mark less than 50. 
Typical characteristics I activities of the Ll quadrant 
Decisive Accurate 
Rational Precise 
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Typical characteristics I activities of the L2 quadrant 
Plan Methodical 
Controlled Persevere 
Typical characteristics I activities of the Rl quadrant 
Typical characteristics I activities of the R2 quadrant 
Intuitive 
Gentle 
The three highest scores within each quadrant are then computed by the system and the corresponding 12 
characteristics I activities are presented to the student. The student then has to select the five amongst those 
that he prefers the most, and rank them in order of preference. 
The characteristic I activity with a ranking of 1 then receives 5 marks, the one with a ranking of 2 4 marks, 
the one with a ranking of 3 3 marks, the one with a ranking of 4 2 marks, and the characteristic I activity 
with a ranking of 5 receives 1 mark. The corresponding scores for the four quadrants of the brain are then 
calculated. 
The quadrant with the highest score will be regarded as the student's dominant brain preference, the one with 
the second highest score will be known as the student's secondary quadrant, and the other two as his tertiary 
quadrants. Typical characteristics, careers, problem solving strategies, classroom activities, and learning and 
teaching styles are associated with each. These are described below. The ones associated with the dominant 
and secondary quadrants will receive higher priorities than the ones linked with the tertiary quadrants. 
















7.3. Characteristics of Right Brain Thinking 
1. Intuition. 








I 0. Visualization. 
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11. Insight. 
12. "Gut feeling" . 
7.4. AppUcations of Left and Right Brain Preferences 
1. Determine how comfortable you will feel in a specific career. 
2. Determine how you will react to and interact with other people. 
3. Determine how you will do business. 
4. Determine how you will communicate. 
5. Determine how you will learn. 
6. Determine how you will teach. 
7. Determine how you will solve problems. 
8. Determine how you will make decisions. 
Etc ... . 
7.5. Preferred Thought Processes 
Preferred Thought Processes of the Top Left Quadrant (Ll) of the Brain 
1. Likes working with facts. 
2. Likes to work in a precise and exact manner with facts and/or problems. 
3. Look at problems in a logical and rational way. 
4. Likes working with numbers. 
5. Is interested in technical aspects. 
6. Performance is important. 
7. Prefer to analyze facts. 
Preferred Thought Processes of the Bottom Left Quadrant (L2) of the Brain 
1. Prefer traditional thoughts (the way I know). 
2. Prefer facts to be organized and orderly. 
3. Like working with particulars I detail. 
4. Prefer a stable and reliable environment. 
5. Feel comfortable with procedures. 
6. Prefer security and safety rather than the taking of risks. 
7. Facts should be ordered chronologically. 
8. The immediate task is important- it will be completed on time. 
9. Prefer practical aspects. 
Preferred Thought Processes of the Top Right Quadrant (Rl) of the Brain 
1. See the big picture, not the detail. 
2. Like changes, and to try out new things. 
3. Enjoy it being busy simultaneously with several things. 
4. Have imagination. 
5. Do not merely accept the "one right answer", but investigate alternatives. 
6. Enjoy challenges and risks. 
7. Can have an intuitive feeling for new ideas (the so-called "gut feel"). 
8. Can rearrange ideas to construct a new whole (rearranged and joined together in a new whole) 
(synthesize). 
9. Do not always do things in the same way. 
10. Likes to connect the present with the future. 
Preferred Thought Processes of the Bottom Right Side (R2) of the Brain 
1. Experience facts emotionally. 
2. Are sympathetic and intuitive towards other people. 
3. Like interaction. 
4. Use imagery as well as non-verbal communication (body language, facial expressions, etc .). 
5. Feel emphatic towards others. 
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6. Problem solving is often an emotional and not a logical process. 
7. Show enthusiasm when liking a new idea. 
7.6. Typical Characteristics 










































5. Many technical careers. 
6. Surveyor. 
7. Certain kinds of engineers. 
8. Dentist. 
9. Banker. 
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Careers of the Person with Strong L2-Preferences 













14. School Principal. 
15. Typist. 
Careers of the Person with Strong Rl-Preferences 
I. Coach of skills. 
2. Trainer ofleadership. 
3. Entrepreneur. 
4. Advertiser. 





10. Career in worldwide tourism. 
II . Career in training and development. 
I2. Civil/industrial engineer. 
13. Strategist. 
14. Futurist. 
15. Landscape designer. 
Careers of the Person with Strong R2-Preferences 
I. Therapy. 
2. Travel and tourism. 
3. Market researcher. 
4. Marketing (also in other quadrants). 
5. Sales. 




IO. Coach (also in other quadrants) . 
1I . Clergyman. 
I2. Nurse. 
13. Social worker. 
I4. Waiter. 
I5 . TV and radio-related professions. 
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7.8. Whole Brain Problem Solving 
Whole Brain Problem Solving: The Ll Approach 
1. Analyze the facts. 
2. Wants everything to be correct. 
3. Sees the facts clearly - focus on the facts without emotion. 
4. Gather all information. 
5. Have a neutral position (objective). 
6. Consider problems rationally. 
7. Handle facts in a logical way. 
8. Focus on precision I exactness. 
Whole Brain Problem Solving: The L2 Approach 
1. Rearrange the facts (in categories and/or according to plan). 
2. Handle the facts chronological. 
3. Check the facts. 
4. Can be critical about ideas. 
5. Find errors and flaws in the ideas of other (challenging). 
6. Able to see possible problems in new solutions. 
7. Look for the detail and the extension thereof. 
8. Practical aspects are important. 
9. Prefer well-tried and tested methods. 
Whole Brain Problem Solving: The Rl Approach 
1. Solve problems in an intuitive way. 
2. See the whole picture, the so-called "big picture". 
3. Visualize the facts (also the "big picture" vision). 
4. Suggestive and provocative. 
5. See an opportunity and like speculating. 
6. In favor of alternatives. 
7. Often have new and innovative ideas. 
8. Like taking risks. 
9. People aspects are fundamental. 
Whole Brain Problem Solving: The R2 Approach 
1. Suggestions are often emotional. 
2. Have an intuitive feeling for particular persons. 
3. Values are important. 
4. Feelings of suspicion and jealousy may limit your vision. 
5. Usually eager to share ideas. 
6. Frequently provide new insight in an idea. 
7. Unrealistic about ideas. 
7.9. The Whole Brain Classroom 
The Whole Brain Classroom: The Ll Study Environment 
1. Neat. 
2. Information readily available. 
3. Information about numbers, weights, etc. on display. 
4. Very accurate blackboard techniques. 
The Whole Brain Classroom: The L2 Study Environment 
1. Contents is organized. 
2. Programs, lists, timetables at hand. 
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3. Creative and evocative information. 
4. Humorous displays. 
5. Artistic contents. 
6. Metaphors. 
The Whole Brain Classroom: The R2 Study Environment 
I . Space to move. 
2. Background music with intervals. 
3. Color. 
4. People-oriented, visible displays. 
5. Comfortable. 
7.10. Whole Brain Education 
Whole Brain Education: Ll Teaching (Training) 
1. Formallessons. 
2. Utilize a textbook. 
3. Utilize summaries. 
4. Logical arguments. 
5. Clear pronunciation. 
6. Precise instructions. 
7. Opportunity to analyze the contents. 
8. Opportunity for research. 
9. Opportunity to discuss technical aspects. 
Whole Brain Education: L2 Teaching (Training) 








Contents is presented in successive order. 
Contents of lessons is well-planned. 
Lessons have a clear structure. 
Opportunity to apply the contents. 
Clear instructions - repeated to strengthen it. 
Goals of lessons should be clear-cut. 
Formal lessons. 
Whole Brain Education: Rl Teaching (Training) 
1. Give a holistic overview of the lesson. 
2. Allow spontaneous participation. 
3. Visual aids, etc. 
4. Opportunity to relate the contents of the lessons with the past or the future . 
5. Aesthetics . 
6. Opportunity to experiment. 
7. Presentation of new concepts. 
8. Stress uniqueness (do your own thing). 
9. Opportunity for fun (even the absurd!) . 
Whole Brain Education: R2 Teaching (Training) 
1. Opportunity for interaction with others (groupwork). 
2. Opportunity for movement. 
3. Music on a regular basis. 
4 . Opportunity to relate the contents to personal experiences (or with experiences of other). 
5. Opportunity to show emotions (with regard to the contents of the lesson). 
6. Opportunity to play the roll of the teacher/lecturer. 
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7.11. Whole Brain Learning 
Whole Brain Learning: Ll-Learning 
1. Use summaries. 
2. Study by yourself. 
3. Use a textbook. 
4. Analyze the contents. 
5. Tidy desk. 
6. Study according to precise instructions. 
7. Focussed on memory and information. 
Whole Brain Learning: L2-Learning 
1. Use summaries. 
2. Study according to a timetable/program. 
3. Organized desk. 
4. Practise until you feel you have the knowledge. 
5. Study in a safe and organized environment. 
Whole Brain Learning: Rl-Learning 
1. Pleasant circumstances. 
2. Environment not necessarily tidy. 
3. Study with the assistance of visual aids . 
4. Merging of contents. 
5. Like to act on contents. 
6. Like experimenting. 
Whole Brain Learning: R2-Learning 
1. Music. 
2. Share ideas while learning 
3. Study in a group (or with one or two other people). 
4. Talk aloud. 
5. 
6. 
Move while you are learning. 
Dramatize the contents. 
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8. A Multiple Intelligence Quiz and Characteristics of the Various 
Intelligences 
8.1. The MI Quiz 
A list of statements describing different intelligences from Professor Howard Gardener's multiple intelligence 
theory are provided below. Judge how well each of these statements describes you. Allocate 5 marks to an 
excellent description and 1 mark to a poor description. 2 marks, 3 marks and 4 marks are destined for bad, 
average and good descriptions. Relax while completing the questionnaire, and try to be as objective as possible. 
There are 80 statements in total.- 10 per intelligence. Add up your point allocations for each intelligence and 
compare the eight totals. The higher your score, the more you favor that particular intelligence. 
1) Linguistic Intelligence 
a) You enjoy wordplay. Making puns, tongue-twisters, limericks. You enjoy poems, stories, and rhymes. 
b) You read everything- books, magazines, newspapers, even product labels. 
a) You can easily and confidently express yourself either orally or in writing, i.e. you are a persuasive 
debater, and a good storyteller or writer. 
b) You pepper your conversation with frequent allusions to things you have read or heard. 
c) You like to do crosswords, play Scrabble, or have a go at other word puzzles. You can spell well. 
d) You have such an excellent vocabulary that people sometimes have to ask you to explain a word you 
have used. You enjoy using the precise word in context. 
e) In school you preferred subjects such as English (language and literature), history and social studies. 
You are conscious of the need to build your child's vocabulary. 
f) You can hold your own in verbal arguments or debates, and you give clear directions and explanations. 
g) You like to "think aloud", to talk through problems, explain solutions, ask questions. 
h) You can readily absorb information by listening to the radio or audiocassettes or lectures. The words 
are easily imprinted in your mind. 
2) Logical-Mathematical Intelligence 
a) You enjoy working with numbers and can do mental calculations. 
b) You are interested in new scientific advances, and like to experiment with things to see how they work. 
c) You can easily balance your checkbook; do the household budget. You create numerical targets in 
your business and private life. 
d) You like to put together a detailed itinerary for vacations or business trips . You often prepare, number, 
and implement a to-do list. 
e) You enjoy the challenge ofbrainteasers or other puzzles and games that require logical and statistical 
thinking, e.g. checkers, chess. 
f) You tend to readily identify the logical flaws in things people say and do. 
g) Math and science were among your favorite subjects in school. 
h) You can find specific examples to support a general point of view, and feel comfortable analyzing 
situations and arguments. 
i) You take a systematic, step-by-step approach to problem-solving. You like to find patterns and 
relationships between objects or numbers. 
j) You need to categorize, group, or quantify things to properly appreciate their relevance. 
3. Visual-Spatial intelligence 
a) You have an appreciation of the visual arts and enjoy painting and sculpture. You have a good color 
sense. 
b) You tend to make a visual record of events with a camera or camcorder. 
c) You find yourself doodling when taking notes or thinking through something. You can draw quite 
accurately. 
d) You have no problem reading maps and navigating. You have a good sense of direction. 
e) You enjoy games such as jigsaw puzzles and mazes. 
f) You are quite adept at taking things apart and putting them back together. You can assemble kits quite 
easily and can follow diagrams to do so. 
g) In school you liked lessons in art and preferred geometry to algebra. 
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h) You often make your point by providing a diagram or drawing and can interpret charts easily. 
i) You can visualize how things look from a different perspective or how a building might look from a 
plan. · 
j) You prefer reading material that is heavily illustrated. 
4. Musical Intelligence 
a) You can play a musical instrument. 
b) You can manage to sing on key. 
c) Usually you can remember a tune after hearing it just a couple of times. 
d) You often listen to music at home and in your car, and you sometimes go to concerts. You like - even 
need - a musical background when you are working. 
e) You find yourself tapping in time to music. You have a good sense of rhythm. 
f) You can identify the sounds of different musical instruments. 
g) Theme music or commercial jingles often pop into your head. 
h) You can't imagine life without music . You fmd that music easily evokes emotions and images for you 
as you listen to it. 
i) You often whistle or hum a tune. 
j) You often use rhythm (or rhyme) to remember things, e.g. saying a telephone number rhythmically. 
5. Bodily-Kinesthetic Intelligence 
a) You take part in sport or regularly perform some kind of physical exercise. You enjoy walks, 
swimming, and the sensation of using your body. 
b) You are quite adept at "do-it-yourself'. 
c) You like to think through problems while engaged in a physical pursuit such as walking or running. 
d) You don't mind getting up on the dance floor. 
e) You like the most thrilling, body-contouring rides at the fun fair. 
f) You need to physically handle something, to grasp it and manipulate it, to fully understand it. You 
enjoy jigsaws and model-making. 
g) The most enjoyable classes in school were sports, PE, and any handicrafts lessons. You enjoy 
sculpture as an art form. 
h) You use hand gestures or other kinds ofbody language to express yourself. 
i) You like rough-and-tumble play with children. 
j) You need to tackle a new learning experience "hands on" rather than by reading a manual or watching a 
video. 
6. Interpersonal Intelligence 
a) You enjoy working with other people as part of a group or committee. 
b) You take great pride in being a mentor or advisor to someone else. 
c) People tend to come to you for advice. You could describe yourself as sympathetic. 
d) You prefer team sports - such as basketball, softball, soccer, football - to individual sports such as 
swimming and running. 
e) You like games involving other people- bridge, Monopoly, Trivial Pursuit. 
f) You are a social butterfly. You would much prefer to be at a party than home alone watching 
television. 
g) You have several very close personal friends . 
h) You communicate well with people and can help resolve disputes. 
i) You have no hesitation in taking the lead; showing other people how to get things done. 
j) You talk over problems with others rather than trying to resolve them by yourself. 
7. Intrapersonal Intelligence 
a) You keep a personal diary or log to record your innermost thoughts . 
b) You often spend "quiet time" reflecting on the important issues in your life. 
c) You have set your own goals - you know where you are going. 
d) You are an independent thinker - you know your own mind, make up your own mind. 
e) You have a private hobby or interest that you don't really share with anyone else. 
f) You like to go fishing by yourself or take a solitary hike. You are happy with your own company. 
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g) Your idea of a good vacation is an isolated hilltop cabin rather than a five-star resort and lots of people. 
h) You have a realistic idea of your own strengths and weaknesses. 
i) You have attended self-improvement workshops or been through some kind of counseling to learn 
more about yourself. 
j) You work for yourself- or have seriously contemplated "doing your own thing" . 
8. Naturalist Intelligence 
a) You keep or like pets. 
b) You can recognize and name many different type of trees, flowers and plants. 
c) You have an interest in and good knowledge of how the body works- where the main internal organs 
are, for example- and you keep abreast of health issues. 
d) You are conscious of tracks, nests and wildlife on a walk and can "read" weather signs. 
e) You could envision yourself as a farmer, or maybe you like to fish. 
f) You are a keen gardener and are familiar with the effects of the seasons. 
g) You have an understanding of, and interest in, the main global environmental issues. 
h) You keep reasonably informed about developments in astronomy, the origins of the universe, and the 
evolution of life. 
i) You are interested in social issues, psychology, and human motivations. 
j) You consider that conservation of resources and achieving sustainable growth are two of the biggest 
issues of our times. 
Note: This quiz helps you to determine which forms of intelligence are your strongest and weakest. Knowing 
this will enable you to focus on making sure that you make the most of your existing abilities and develop some 
of the others. 
8.2. Likely Traits of the Various Intelligences 
Linguistic Intelligence 
• Sensitive to patterns 
• Orderly 
• Systematic 
• Ability to reason 
• Likes to listen 
• Likes to read 
• Likes to write 
• Spells easily 
• Likes word games 
• Has good memory for trivia 
• May be good public speaker and debater although some linguistic specialists may prefer either oral or 
written communication 
Logical-Mathematical Intelligence 
• Likes abstract thinking 
• Likes being precise 
• Enjoys counting 
• Likes being organized 
• Uses logical structure 
• Enjoys computers 
• Enjoys problem solving 
• Enjoys experimenting in logical way 
• Prefers orderly note-taking 
Visual-Spatial Intelligence 
• Thinks in pictures 
• Creates mental images 
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• Uses metaphor 
• Has sense of gestalt 
• Likes art: drawing, painting and sculpting 
• Easily reads maps, charts and diagrams 
• Remembers with pictures 
• Has good colour sense 
• Uses all senses for imaging 
Musical Intelligence 
• Sensitive to pitch, rhythm, timbre 
• Sensitive to emotional power of music 
• Sensitive to complex organization of music 
• May be deeply spiritual 
Bodily-Kinesthetic Intelligence 
• Exceptional control of one's body 
• Control of objects 
• Good timing 
• Trained responses 
• Good reflexes 
• Learns best by moving 
• Likes to engage in physical sports 
• Likes to touch 
• Skilled at handicrafts 
• Likes to act 
• Likes to use rnanipulatives 
• Learns by participating in the learning process 
• Remembers what was done rather than what was said or observed 
• Very responsive to physical environment 
• Plays around with objects while listening 
• Fidgety if there are few breaks 
• Mechanically minded 
Interpersonal Intelligence 
• Negotiates well 
• Relates well, mixes well 
• Able to read others' intentions 
• Enjoys being with people 
• Has many friends 
• Communicates well, sometimes manipulates 
• Enjoys group activities 
• Likes to mediate disputes 
• Likes to cooperate 
• "Reads" social situations well 
Intrapersonal Intelligence 
• Self-knowledge 
• Sensitivity to one's own values 
• Deeply aware of one's own feelings 
• Sensitivity to one's purpose in life 
• Has a well-developed sense of self 
• Intuitive ability 
• Self-motivated 
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• Deeply aware of own strengths and weaknesses 
• Very private person 
• Wants to be different from mainstream 
Description of Naturalist Intelligence 
This intelligence has to do with observing, understanding and organizing patterns in the natural environment. A 
naturalist is someone who shows expertise in the recognition and classification of plants and animals. This could 
be anyone from a molecular biologist to a traditional medicine man using herbal remedies. 
Examples of naturalists might include George Washington Carver, Rachel Carson, Charles Darwin, or a child 
who skillfully sorts and classifies rocks, insects, shells, or dinosaurs . These same skills of observing, collecting, 
and categorizing might also be applied in the "human" environment as witnessed in a child sorting sports cards, 
or an adult who shrewdly distinguishes between the sounds of different engines or analyzes the variations in 
fingerprints. 
8.3. How to Strengthen the Various Intelligences for Learning 
Linguistic Intelligence 
• Tell stories 
• Play memory games with names, places 
• Read stories, jokes 
• Write stories, jokes 
• Do vocabulary skits 
• Use journal writing 
• Interviewing 
• Do puzzles, spelling games 
• Integrate writing and reading with other subject areas 
• Produce, edit and supervise class magazine 
• Debate 
• Discussions 
• Use word processor as introduction to computers 
Logical-Mathematical Intelligence 
• Stimulate problem solving 
• Do mathematical computation games 
• Analyze and interpret data 
• Use reasoning 
• Encourage own strengths 
• Encourage practical experiments 
• Use prediction 
• Integrate organization and math into other curricular areas 
• Have a place for everything 
• Allow things to be done step-by-step 
• Use deductive thinking 
• Use computers for spreadsheets, calculations 
Visual-Spatial Intelligence 
• Use pictures to learn 
• Create doodles, symbols 
• Draw diagrams, maps 
• Integrate art with other subjects 
• Use mind mapping 
• Do visualization activities 
• Watch videos or create your own 
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• Use peripheral stimuli on the walls 
• Use mime 
• Change places in the room to gain a different perspective 
• Use advance organizers or goal-setting charts 
• Use clustering 
• Highlight with colour 
• Use computer graphics 
Musical Intelligence 
• Play a musical instrument 
• Learn through songs 
• Use active and passive concerts for learning 
• Study with baroque music 
• Workout with music 
• Join choir or choral group 
• Write music 
• Integrate music with other subject areas 
• Change your mood with music 
• Use music to get relaxed 
• Image/make pictures with music 
• Learn through raps such as timetables, whole language poems, choral reading 
• Compose music on computer 
Bodily-Kinesthetic Intelligence 
• Use physical encoding exercises wherein you become object you are learning about 
• Use dancing to learn 
• Use movement to learn 
• Act out the learning 
• Use manipulatives in science, math 
• Take lots of "state changes" and breaks 
• Integrate movement into all curricula areas 
• Mentally review while you are swimming, jogging 
• Use models, machines, Technic Lego, handicrafts 
• Use karate for focussing 
• Use field trips 
• Use classroom games 
• Use drama, role-plays 
• Finger snapping, clapping, stamping, jumping, climbing 
Interpersonal Intelligence 
• Do learning activities cooperatively 
• Takes lots ofbreaks to socialize 
• Use "pair and share" learning activities 
• Use relationships and communication skills 
• Do "partner talks" on the phone 
• Have parties and celebration of learning 
• Make learning fun 
• Integrate socialization into all curricular areas 
• Use "People Search" activities where you have to talk to others to get answers 
• Work in teams 
• Learn through service 
• Tutor others 
• Use cause and effect 
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Intrapersonal Intelligence 
• Have personal "heart-to-heart" talks 
• Use personal growth activities to break learning blocks 
• Debrief activities 
• Think about your thinking through "Pair and Shares" and "Think and Listen" 
• Take time for inner reflection 
• Do independent study 
• Listen to your intuition 
• Discuss, reflect or write what you experienced and how you felt 
• Permit freedom to be different from the group 
• Make "My Books" and journals oflife story 
• Take control of own learning 
• Teach personal affirmations 
• Teach questioning 
A Menu oflnstructional Strategies for the Naturalist Intelligence 
• Collecting data 
• Collecting objects from the natural world 
• Labeling and mounting specimens from nature 
• Organizing collections 
• Observing nature 
• Doing experiments in nature 
• Noticing changes in the environment 
• Sorting articles from nature 
• Categorizing objects 
• Classifying information 
• Keeping notebooks 
• Learning names of natural phenomena 
• Learning characteristics of the natural world 
• Using magnifiers or microscopes to study nature 
• Using binoculars or telescopes to study nature 
• Drawing or photographing natural objects 
• Nature hikes or field trips in nature 
• Gardening 
• Caring for pets 
• Wildlife protection projects 
• Setting up winter feeding stations for wild animals or birds 
• Comparing natural observations with others 
• Visiting zoos and botanical gardens 
• Visiting museums of natural history 
• Drying flowers 
• Studying books about nature 
• Learning about the work of famous naturalists such as: 
• John Muir 
• Rachel Carson 
• Charles Darwin 
• George Washington Carver 
• Luther Burbank 
• Annie Dillard 
• John James Audubon 
• Aldo Leopold 
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• Animal trackers 








• Chess players 
• Naturalists 
• Theoretical physicists 





• Musical audiences 
• Recording engineers 
• Makers of musical instruments 
• Piano-tuners 








• Karate teachers 
• Racing car drivers 
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• Outdoor workers 




• Religious leaders 
• Counsellors 
• Sales people 
• Managers 
• Public relations people 




• Wise elders 
• Philosophers 
• Gurus 
• Persons with a deep sense of self 
• Mystics 
Some Naturalist Subjects and Resources 
Some naturalist subjects include Animals, Astronomy, Balance of Nature, Birds, Botany, Butterflies, 
Conservation, Constellations, Deserts, Earth, Fish, Flowers, Forests, Game, Gardening, Geology, Insects, Lakes, 
Mountains, Oceans, 
Plants, Rivers, Rocks, Seasons, Seeds, Shells, Stars, Tides, Trees, Volcanoes, Weather, and Zoology. 
Some naturalist resources include Audubon Society, Boy Scouts, Girl Scouts, Campfire, Izaak Walton League, 
Natural History Museums, National Forest Service, National Park Service, Observatories, Parks, Planetariums, 
and Zoos. 
8.5. Examples of Famous Persons 
Linguistic Intelligence 
• Winston Churchill, British journalist turned orator, political leader and writer 
• Shakespeare 
• Wordsworth 
• Abraham Lincoln 
• Goethe 
• Moliere 
Logical Mathematical Intelligence 
• Marian Diamond, Professor ofNeuroanatomy at the University of California at Berkeley 
• Einstein 
• Stephen Hawking 
• Isaac Newton 
Visual-Spatial Intelligence 
• Pablo Picasso, painter 
• Christopher Columbus 
• Frank Lloyd Wright 
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• Mozart 
• Leanard Bernstein 
• Louis Armstrong 
Bodily-Kinesthetic Intelligence 
• Jayne Torvill and Christopher Dean, ice-skaters 
• Pele 
• Margot Fonteyn 
• Charlie Chaplin 
Interpersonal Intelligence 
• Oprah Winfrey, talk-show host 
• Martin Luther-King 
• Mother Teresa 
• J.F. Kenedy 
Intrapersonal Intelligence 
• Plato, philosopher 
• Socrates 
• Freud 
• Bertrand Russell 
Naturalist Intelligence 
• John Muir 
• Rachel Carson 
• Charles Darwin 
• George Washington Carver 
• Luther Burbank 
• Annie Dillard 
• John James Audubon 
• Aldo Leopold 
• David Attenborough 
• E.O. Wilson 
•u,, 
,,, 
8.6. Using the Various Intelligences to Explore What You Are Learning 
Linguistic Intelligence 
442 
Translate what you have heard or read into your own words. In this way you will prove. to yourself that you 
understand the subject. It also means that you are more likely to remember it long-term. 
• List the Key Points 
• "Brainstorm" all of the key points. Either talk into a tape recorder, saying everything that springs to 
mind, or just write the key points down. 
• Skim through the pages of the learning material to jog your memory, and add further thoughts (in your 
own words!) , 
• Organize the resulting key points in a meaningful manner (as flash cards, for example) . 
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• Newspaper Article or a Letter to a Friend 
• Write a newspaper article on the learning material - a striking headline, a punchy introduction, ... etc. 
• Write a letter to a friend explaining to him or her what the learning material has meant to you. 
• Summarize 
• Make a short summary of the learning material - reduce what you have learned to its core essentials. 
Making summaries entails a deeper level of thinking about the subject, and this leads to better memory. 
• Only includes what's really important. 
Logical-Mathematical Intelligence 
• List the main points of what you are learning in a logical, numbered sequence. 
• Analyze what your are learning. Use the vowels A, E, 0, I and U to remember the following 5 questions: 
• A What Assumptions are being made? Has anything been taken for granted? Has anything been left 
out? Has the author used an isolated example to arrive at a general or sweeping conclusion? 
• E What is the Evidence for this? Are we dealing with facts or opinion? If it is opinion, can I trust the 
source? If it is a fact, is this always true? What other explanations could there be? If this is true, what 
else follows? 
• I Can I think of a good Illustration or example of this? Does this fit any other category or class of 
things I am familiar with? Is what I am reading or hearing consistent with my experience? 
• 0 What Opinions or conclusions can I draw about this? Are they justified? 
• U What are the Unique points in this? What are the key and new points? What is essential to know -
and what is just padding? 
• Make a Flow Chart that expresses in a step-by-step manner what you are learning. 
• Draw a Diagram that expresses in a step-by-step manner what you are learning. 
Visual-Spatial Intelligence 
• Create your own personalized Learning Map of the learning material. It is a powerful visual reminder of 
what you have learned. 
• Make a brief sketch of something you are learning about. Many mathematical problems are also easier to 
solve when you find a way to visualize them. 
• Design a colored poster. 
• Design a cartoon. 
• Make a video. 
• Make a timeline. 
• Use symbols instead of words. 
• Visualization. 
Musical Intelligence 
• Play quiet classical music in the background. 
• Choose a memorable jingle from a radio or TV advertisement. Take some key information from the 
learning material and try to fit it to the jingle. 
• Listen to some rap songs and notice how the words are just chanted to the rhythm of the music. At first, try 
reading material from the course. Once you are comfortable with that, make up your own verses. Ask 
children for help. 
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• Make up some simple verses about the learning m.aterial. Their rhythmic quality will help you learn. 
• Take a well-known song and write your own words to the familiar melody (from the learning material, of 
course). 
Bodily-Kinesthetic Intelligence 
• Act out what you are learning - get physically involved. Use"Role Play" to explore the subject matter in a 
meaningful way. Up to 80 percent of all communication is nonverbal, so involve your body! Use role play 
to experience the learning material. 
• Write subject matter explorations on a large sheet of paper and cut it into irregular shapes. Now piece the 
paper back together to see how everything "fits together" . It is like creating and assembling a jigsaw puzzle 
for the subject matter. 
• Make up index cards of the main ideas and sort them into a logical sequence. Carry them with you and 
refer to them from time to time. Otherwise you can pin the cards on a notice board and look at them 
regularly. 
• Write things down- it is a physical exercise. It adds a physical element to sight (reading) and sound (inner 
speech). 
Interpersonal Intelligence 
• Discuss what your are learning with others and teach it to them. You will also gain from their experiences, 
insights and views. Form discussion groups. 
• Share what you are learning in an informal family gathering. Involve the whole family. 
• Find a study buddy - interpersonal exploration can be conducted very efficiently on a one-to-one basis. 
You each agree to learn the same section or chapter independently. When you meet again each one 
summarize to the other what you have learned and note and discuss differing interpretations (compare notes 
& cooperative learning). 
Intrapersonal Intelligence 
• Personalize the lesson. Get your emotional brain involved. Daydream! Ponder all of the aspects that went 
into the subject you are studying. Explore the subject on a personal level. Reflect on the material, weighing 
it up in your mind. 
• Define why the subject has personal significance for you: 
• Why does this matter to me? 
• How can I use this idea? 
• What significance can I find in this for me? 
• Ask your teacher I trainer/ lecturer what he finds so interesting about the learning material. Ask him to 
share his passion of the subject. 
• Keep a diary or a "learning log". Record your personal reactions to the information you are learning. Make 
notes evaluating how it has helped you toward your goals. How may your future be changed by it? Reflect 
and learn! 
Naturalist Intelligence 
• Make an ecological check on the social value of what you are learning by asking the following questions: 
• What are the environmental implications of what you are learning? 
• Has it any implication for conservation of resources? 
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• Will it help or hinder social fairness? Does it have anything to say on solving any of the major social 
problems of our times? 
• Does it help you better understand the mind of individuals or social behaviour? 
• Does it exploit or harm anyone or anything else? 
• Does it guide you to any action or social purpose? 
• Carefully observe and collect data during the learning process. Try to categorize procedures or actions. 
Use these classifications to as learning aids. 
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9. The Index of Learning Styles and Descriptions of Active, Reflective, 
Sensing, Intuitive; Visual, Verbal; Sequential and Global Learners 
9.1. Felder and Soloman's Index of Learning Styles 
Circle "a" or "b" to indicate your answer to each of the following 44 questions. Please choose only one answer 
for each question. Ifboth "a" and "b" seem to apply to you, choose the one that applies more frequently. 
1) I understand something better after I 
a) try it out. 
b) think it through. 
2) I would rather be considered 
a) realistic. 
b) innovative. 
3) When I think about what I did yesterday, I am most likely to get 
a) a picture. 
b) words. 
4) I tend to 
a) understand details of a subject but may be fuzzy about its overall structure. 
b) understand the overall structure but may be fuzzy about details. 
5) When I am learning something new, it helps me to 
a) talk about it. 
b) think about it. 
6) If I were a teacher, I would rather teach a course 
a) that deals with facts and real life situations. 
b) that deals with ideas and theories. 
7) I prefer to get new information in 
a) pictures, diagrams, graphs, or maps. 
b) written directions or verbal information. 
8) Once I understand 
a) all the parts, I understand the whole thing. 
b) the whole thing, I see how the parts fit. 
9) In a study group working on difficult material, I am more likely to 
a) jump in and contribute ideas. 
b) sit back and listen. 
1 0) I find it easier 
a) to learn facts. 
b) to learn concepts. 
11) In a book with lots of pictures and charts, I am likely to 
a) look over the pictures and charts carefully. 
b) focus on the written text. 
12) When I solve math problems 
a) I usually work my way to the solutions one step at a time. 
b) I often just see the solutions but then have to struggle to figure out the steps to get to them. 
13) In classes I have taken 
a) I have usually gotten to know many of the students. 
b) I have rarely gotten to know many of the students. 
Stellenbosch University  https://scholar.sun.ac.za
447 
14) In reading nonfiction, I prefer 
a) something that teaches me new facts or tells' me how to do something. 
b) something that gives me new ideas to think about. 
15) I like teachers 
a) who put a lot of diagrams on the board. 
b) who spend a lot of time explaining. 
16) When I'm analyzing a story or a novel 
a) I think of the incidents and try to put them together to figure out the themes. 
b) I just know what the themes are when I fmish reading and then I have to go back and find the incidents 
that demonstrate them. 
17) When I start a homework problem, I am more likely to 
a) start working on the solution immediately. 
b) try to fully understand the problem first. 
18) I prefer the idea of 
a) certainty. 
b) theory. 
19) I remember best 
a) what I see. 
b) what I hear. 
20) It is more important to me that an instructor 
a) lay out the material in clear sequential steps. 
b) give me an overall picture and relate the material to other subjects. 
21) I prefer to study 
a) in a study group. 
b) alone. 
22) I am more likely to be considered 
a) careful about the details of my work. 
b) creative about how to do my work. 
23) When I get directions to a new place, I prefer 
a) a map. 
b) written instructions. 
24) I learn 
a) at a fairly regular pace. Ifl study hard, I'll"get it." 
b) in fits and starts. I'll be totally confused and then suddenly it all"clicks." 
25) I would rather first 
a) try things out. 
b) think about how I'm going to do it. 
26) When I am reading for enjoyment, I like writers to 
a) clearly say what they mean. 
b) say things in creative, interesting ways. 
27) When I see a diagram or sketch in class, I am most likely to remember 
a) the picture. 
b) what the instructor said about it. 
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28) When considering a body of information, I am more likely to 
a) focus on details and II).iss the big picture. . 
b) try to understand the big picture before getting into the details. 
29) I more easily remember 
a) something I have done. 
b) something I have thought a lot about. 
30) When I have to perform a task, I prefer to 
a) master one way of doing it. 
b) come up with new ways of doing it. 
31) When someone is showing me data, I prefer 
a) charts or graphs. 
b) text summarizing the results. 
32) When writing a paper, I am more likely to 
a) work on (think about or write) the beginning of the paper and progress forward. 
b) work on (think about or write) different parts of the paper and then order them. 
33) When I have to work on a group project, I first want to 
a) have "group brainstorming" where everyone contributes ideas. 
b) brainstorm individually and then come together as a group to compare ideas. 
34) I consider it higher praise to call someone 
a) sensible. 
b) imaginative. 
35) When I meet people at a party, I am more likely to remember 
a) what they looked like. 
b) what they said about themselves. 
36) When I am learning a new subject, I prefer to 
a) stay focused on that subject, learning as much about it as I can. 
b) try to make connections between that subject and related subjects. 
37) I am more likely to be considered 
a) outgoing. 
b) reserved. 
38) I prefer courses that emphasize 
a) concrete material (facts, dat(a) . 
b) abstract material (concepts, theories) . 
39) For entertainment, I would rather 
a) watch television. 
b) read a book. 
40) Some teachers start their lectures with an outline of what they will cover. Such outlines are 
a) somewhat helpful to me. 
b) very helpful to me. 
41) The idea of doing homework in groups, with one grade for the entire group, 
a) appeals to me. 
b) does not appeal to me. 
42) When I am doing long calculations, 
a) I tend to repeat all my steps and check my work carefully. 
b) I find checking my work tiresome and have to force myself to do it. 
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43) I tend to picture places I have been 
a) easily and fairly accurately. 
b) with difficulty and without much detail. 
44) When solving problems in a group, I would be more likely to 
a) think of the steps in the solution process. 
b) think of possible consequences or applications of the solution in a wide range of areas. 
Determine Your Score on the Active/Reflective Dimension 
For each "a" you have circled in questions 1, 5, 9, 13, 17, 21 , 25, 29, 33, 37 and 41, increase your active score 
by 1. 
For each "b" you have circled in questions 1, 5, 9, 13, 17, 21, 25, 29, 33, 37 and 41, increase your reflective 
score by 1. 
The larger of the two scores indicates your preference on the active/reflective dimension, and the difference 
between the two the degree to which you prefer the one above the other. 
Determine Your Score on the Sensing/Intuitive Dimension 
For each "a" you have circled in questions 2, 6, 10, 14, 18, 22, 26, 30, 34, 38 and 42, increase your sensing score 
by 1. 
For each "b" you have circled in questions 2, 6, 10, 14, 18, 22, 26, 30, 34, 38 and 42, increase your 
intuitive score by 1. 
The larger of the two scores indicates your preference on the sensing/intuitive dimension, and the difference 
between the two the degree to which you prefer the one above the other. 
Determine Your Score on the VisualN erbal Dimension 
For each "a" you have circled in questions 3, 7, 11 , 15, 19, 23, 27, 31 , 35, 39 and 43, increase your visual score 
by 1. 
For each "b" you have circled in questions 3, 7, 11, 15, 19, 23, 27, 31, 35, 39 and 43, increase your verbal score 
by 1. 
The larger of the two scores indicates your preference on the visual/verbal dimension, and the difference 
between the two the degree to which you prefer the one above the other. 
Determine Your Score on the Sequential/Global Dimension 
For each "a" you have circled in questions 4, 8, 12, 16, 20, 24, 28, 32, 36, 40 and 44, increase your sequential 
score by 1. 
For each "b" you have circled in questions 4, 8, 12, 16, 20, 24, 28, 32, 36, 40 and 44, increase your global score 
by 1. 
The larger of the two scores indicates your preference on the sequential/global dimension, and the difference 
between the two the degree to which you prefer the one above the other. 
9.2. Characteristics of and Self Help Hints for Active and Reflective Learners 
Characteristics of Active and Reflective Learners 
Active learners tend to retain and understand information best by doing something active with it -discussing or 
applying it or explaining it to others. Reflective learners prefer to think about it quietly fust. 
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"Let's try it out and see how it works" is an active Ieamer's phrase; "Let's think it through first" is the reflective 
Ieamer's response. 
Active learners tend to like group work more than reflective learners, who prefer working alone. 
Sitting through lectures without getting to do anything physical but take notes is hard for both learning types, 
but particularly hard for active learners. 
General Comments about Active and Reflective Learners 
Everybody is active sometimes and reflective sometimes. Your preference for one category or the other may be 
strong, moderate, or mild. A balance of the two is desirable. If you always act before reflecting you can jump 
into things prematurely and get into trouble, while if you spend too much time reflecting you may never get 
anything done. 
Self-Help Hints for Active Learners 
If you are an active learner in a class that allows little or no class time for discussion or problem-solving 
activities, you should try to compensate for these lacks when you study. Study in a group in which the members 
take turns explaining different topics to each other. Work with others to guess what you will be asked on the 
next test and figure out how you will answer. You will always retain information better if you fmd ways to do 
something with it. 
Self-Help Hints for Reflective Learners 
If you are a reflective learner in a class that allows little or not class time for thinking about new information, 
you should try to compensate for this lack when you study. Don't simply read or memorize the material; stop 
periodically to review what you have read and to think of possible questions or applications. You might find it 
helpful to write short summaries of readings or class notes in your own words. Doing so may take extra time but 
will enable you to retain the material more effectively. 
9.3. Characteristics of and Self-Help Hints for Sensing and Intuitive Learners 
Characteristics of Sensing and Intuitive Learners 
Sensing learners tend to like learning facts, intuitive learners often prefer discovering possibilities and 
relationships. 
Sensors often like solving problems by well-established methods and dislike complications and surpnses; 
intuitors like innovation and dislike repetition. 
Sensors are more likely than intuitors to resent being tested on material that has not been explicitly covered in 
class. 
Sensors tend to be patient with details and good at memorizing facts and doing hands-on (laboratory) work; 
intuitors may be better at grasping new concepts and are often more comfortable than sensors with abstractions 
and mathematical formulations. 
Sensors tend to be more practical and careful than intuitors; intuitors tend to work faster and to be more 
innovative than sensors. 
Sensors don't like courses that have no apparent connection to the real world; intuitors don't like "plug-and-
chug" courses that involve a lot of memorization and routine calculations. 
General Comments about Sensing and Intuitive Learners 
Everybody is sensing sometimes and intuitive sometimes. Your preference for one or the other may be strong, 
moderate, or mild. To be effective as a Ieamer and problem solver, you need to be able to function both ways. If 
you overemphasize intuition, you may miss important details or make careless mistakes in calculations or 
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hands-on work; if you overemphasize sensing, you may rely too much on memorization and familiar methods 
and not concentrate enough on understanding and i~ovative thinking. 
Self-Help Hints for Sensing Learners 
Sensors remember and understand information best if they can see how it connects to the real world. If you are 
in a class where most of the material is abstract and theoretical, you may have difficulty. Ask your instructor for 
specific examples of concepts and procedures, and fmd out how the concepts apply in practice. 
If the teacher does not provide enough specifics, try to find some in your course text or other references or by 
brainstorming with friends or classmates. 
Self-Help Hints for Intuitive Learners 
Many college lecture classes are aimed at intuitors. However, if you are an intuitor and you happen to be in a 
class that deals primarily with memorization and rote substitution in formulas, you may have trouble with 
boredom. Ask your instructor for interpretations or theories that link the facts, or try to find the connections 
yourself. You may also be prone to careless mistakes on test because you are impatient with details and don't 
like repetition (as in checking your completed solutions). Take time to read the entire question before you start 
answering and be sure to check your results. 
9.4. Characteristics of and Self Help Hints for Visual and Verbal Learners 
Characteristics of Visual and Verbal Learners 
Visual learners remember best what they see--pictures, diagrams, flow charts, time lines, films, and 
demonstrations. Verbal learners get more out of words--written and spoken explanations. Everyone learns more 
when information is presented both visually and verbally. 
General Comments about Visual and Verbal Learners 
In most college classes very little visual information is presented: students mainly listen to lectures and read 
material written on chalkboards and in textbooks and handouts. 
Unfortunately, most people are visual learners, which means that most students do not get nearly as much as 
they would if more visual presentation were used in class. Good learners are capable of processing information 
presented either visually or verbally. 
Self-Help Hints for Visual Learners 
If you are a visual learner, try to find diagrams, sketches, schematics, photographs, flow charts, or any other 
visual representation of course material that is predominantly verbal. Ask your instructor, consult reference 
books, and see if any videotapes or CD-ROM displays of the course material are available. Prepare a concept 
map by listing key points, enclosing them in boxes or circles, and drawing lines with arrows between concepts 
to show connections. Color-code your notes with a highlighter so that everything relating to one topic is the 
same color. 
Self-Help Hints for Verbal Learners 
Write summaries or outlines of course material in your own words. Working in groups can be particularly 
effective: you gain understanding of material by hearing classmates' explanations and you learn even more when 
you do the explaining. 
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9.5. Characteristics of and Self Help Hints for Sequential and Global Learners 
Characteristics of Sequential and Global Learners 
Sequential learners tend to gain understanding in linear steps, with each step following logically from the 
previous one. Global learners tend to learn in large jumps, absorbing material almost randomly without seeing 
connections, and then suddenly "getting it." 
Sequential learners tend to follow logical stepwise paths in finding solutions; global learners may be able to 
solve complex problems quickly or put things together in novel ways once they have grasped the big picture, but 
they may have difficulty explaining how they did it. 
General Comments about Sequential and Global Learners 
Many people who read this description may conclude incorrectly that they are global, since everyone has 
experienced bewilderment followed by a sudden flash of understanding. What makes you global or not is what 
happens before the light bulb goes on. Sequential learners may not fully understand the material but they can 
nevertheless do something with it (like solve the homework problems or pass the test) since the pieces they have 
absorbed are logically connected. Strongly global learners who lack good sequential thinking abilities, on the 
other hand, may have serious difficulties until they have the big picture. Even after they have it, they may be 
fuzzy about the details of the subject, while sequential learners may know a lot about specific aspects of a 
subject but may have trouble relating them to different aspects of the same subject or to different subjects. 
Self-Help Hints for Sequential Learners 
Most college courses are taught in a sequential manner. However, if you are a sequential learner and you have 
an instructor who jumps around from topic to topic or skips steps, you may have difficulty following and 
remembering. Ask the instructor to fill in the skipped steps, or fill them in yourself by consulting references. 
When you are studying, take the time to outline the lecture material for yourself in logical order. In the long run 
doing so will save you time. You might also try to strengthen your global thinking skills by relating each new 
topic you study to things you already know. The more you can do so, the deeper your understanding of the topic 
is likely to be. 
Self-Help Hints for Global Learners 
If you are a global learner, just recognizing that you aren't slow or stupid but simply function differently from 
most of your classmates can help a great deal. However, there are some steps you can take that may help you 
get the big picture more quickly. Before you begin to study the first section of a chapter in a text, skim through 
the entire chapter to get an overview. Doing so may be time-consuming initially but it may save you from going 
over and over individual parts later. Instead of spending a short 
time on every subject every night, you might find it more productive to immerse yourself in individual subjects 
for large blocks. Try to relate the subject to things you already know, either by asking the instructor to help you 
see connections or by consulting references. Above all, don't lose faith in yourself; you will eventually 
understand the new material, and once you do your understanding of how it connects to other topics and 
disciplines may enable you to apply it in ways that most sequential thinkers would never dream of. 
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Appendix 7 
Outlining the Contents of the Guidance and Advice Module of the 
"Artificial Mentor and -Psychologist" 
The "artificial mentor and -psychologist" module is used to provide advice to students about time management, 
motivation, goal setting, study habits and emotional matters, to administer the different learning style 
inventories and to create an exploratory environment for the "gifted" . The goal of this section is to concentrate 
on the "guidance and advice" module of the "artificial psychologist" and to supply an overview of its contents. 
It is done by means of a number of mind maps (Buzan, 1982). 
The resulting set of 29 mind maps are depicted below. It represents a summary of a list of personal 
development or self improvement books and articles that were studied. Contributions were included from the 
following references: 
(BenFari & Knox, 1991); (Bliss, 1983); (Brooks, 1990); (Buzan, 1982); (Covey, 1991); (De Bono, 1990a); (De 
Bono, 1990b); (De Bono, 1991a); (De Bono, 1991b); (De Bono, 1992); (De Bono. 1993a); (De Bono, 1993b); 
(De Bono, 1993c); (De Bono, 1994); (De Bono, 1996); (De Kock & DuPlessis, 1996a); (De Kock & DuPlessis, 
1996b); (Du Plessis, 1995); (Du Toit & De Boer, 1994); (Ford, 1985); (Grove, 1990); (Grove, 1994); 
(Helmstetter, 1989); (Kirby & Moore, 1988); (Kolb & Rubin & Mcintyre, 1984); (LaHaye, 1984); (Lorayne, 
1986); (Neethling, 1995); (Neethling & Rutherford, 1996); (O'Connor & Seymour, 1994); (Richter, 1992); 
(Roberts, 1986); (Roberts, 1992); and (Rose, 1985). 
These mind maps indicate that the guidance and advice module of the "artificial mentor and -psychologist" 
could be of assistance in, inter alia, the following ways: 
1. It could teach the student how to build a positive self image (Grove, 1990); 
2. It could help the student utilize Baroque music in order to enhance his speed and effectiveness of learning 
(Rose, 1985; Rylatt & Lohan, 1995); 
3. It could teach the student the value of relaxation exercises (Grove, 1990); 
4. It could teach the student some techniques from Neuro Linguistic Programming (O'Connor & Seymour, 
1994); 
5. It could help the student in coping with stress by equipping him with a number of very useful techniques 
(Grove, 1990); 
6. It could inform the student about various learning and teaching styles (Felder & Silverman, 1988; Neethling 
& Rutherford, 1996); 
7. It could teach the student the secrets of mind mapping (Buzan, 1982); 
8. It could promote an effective study program (Grove, 1990; Grove, 1994); 
9. It could teach the student essential examination techniques (Grove, 1990); 
10. It could teach the student a number of techniques to improve his memory (Lorayne, 1986); 
11. It could introduce accelerated learning to the student (Grove, 1990; Rose, 1985; Rylatt & Lohan, 1995); 
12. It could advise the student about study habits specifically aimed at the mathematics curriculum; 
13. It could teach the student about choices (Helmstetter, 1989); 
14. It could assist the student in setting life goals (Grove, 1990; Grove, 1994; Roberts, 1986; Roberts, 1992); 
15. It could teach the student how to not only handle his emotions but to use them as empowering tools 
(Roberts, 1992); 
16. It could teach the student how to use his physiology to change his emotions (O'Connor & Seymour, 1994; 
Roberts, 1986; Roberts, 1992); 
17. It could teach the student the powerful Neuro Associative Conditioning technique of (Roberts, 1992) for 
self improvement; 
18. It could teach the student the power of questions (Roberts, 1992); 
19. It could emphasize the value of submodalities (O'Connor & Seymour, 1994; Roberts, 1986; Roberts, 1992; 
Rose, 1985); 
20. It could teach the student the art of transformational vocabulary (Roberts, 1992); 
21. It could empower the student emotionally by teaching him how to use life metaphors (Roberts, 1992); 
22. It could teach the student the amazing powers of beliefs (Roberts, 1992); 
23. It could help the student setting up a compelling future (Roberts, 1992); 
24. It could introduce the concept of rules (Roberts, 1992); 
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25 . It could teach the student the value of references (Roberts, 1992); 
26. It could help the student to find his identity (Roberts, 1992); 
27. It could challenge the student emotionally, physically, financially, with regard to his relationships and in 
following a code of conduct (Roberts, 1992); 
28 . It could teach the student about time management (MacDonald, 1988; Roberts, 1992); 
29. It could teach the student how to overcoming procrastination (Bliss, 1983) by 
a. Adjusting his attitude; 
b. Having a game plan; 
c. Overcoming his fear for failure ; 
d. Overcoming his fear for success; 
e. Raising his energy level; 
f. Being tough with himself; 
g. Creating an action environment; 
h. Reinforcement; 
1. Deliberate delay; and by 
j. Good time management. 
30. It could teach the student the 40 cop-outs of procrastination (Bliss, 1983). 
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Appendix 8 
Fuzzy Logic: Additional Explanations 
1. Determination Methods for Membership Values 
1.1. Subjective Evaluation and Elicitation 
Fuzzy sets are most often intended to model people's cognitive states. They can therefore be determined from 
either simple or sophisticated elicitation procedures. In the most simple case experts in the problem area simply 
draw or otherwise specify different membership curves appropriate to a given problem. In other cases they are 
given a more constrained set of possible curves from which they choose, and in even more complex methods 
users can be tested using psychological methods. 
1.2. Ad-hoc Forms 
Although there is a huge array of possible membership function forms, most actual fuzzy control operations 
draw from a very small set of different curves. This definitely simplifies the problem - in the case of selecting 
triangular membership functions it is only necessary to choose the central value and the slope on either side. 
1.3. Converted Frequencies or Probabilities 
Frequency histograms and other probability curves may sometimes provide information which can serve as the 
basis for the construction of membership functions . Membership functions are, however, not (necessarily) 
probabilities. A variety of possible conversion methods exist and each has its own mathematical and 
methodological strengths and weaknesses. 
1.4. Physical Measurement 
Physical measurements are used in many applications of fuzzy logic. It is not used directly to measure the 
membership grade. A membership function is provided by another method, and then the individual membership 
grades of data are calculated from it. 
2. An Example of a Fuzzy Expert System 
The following example from (Kantrowitz & Horstkotte & Joslyn, 1996) illustrates all of the above-mentioned 
processes: a. Fuzzification; b. Inference; c. Composition; and, d. Defuzzification. 
Assume that input variables X and Y and output variable Z all take on values in the interval [0, 1 0]. The 
following membership functions are defined and used for all variables (this is not required and is not common): 
low(t) 
high(t) 
1 - ( t I 1 0 ) and 
t I 10. 





if X is low and Y is low then Z is high. 
if X is low and Y is high then Z is low. 
if X is high and Y is low then Z is low. 
if X is high and Y is high then Z is high. 
Each rule assigns an entire fuzzy subset (lo w or high) to the output variable (not only a single value). It is 
interesting to notice that low(t) + high(t) = 1.0 for all t, and that the value oft at which low(t) is maximum is the 
same as the value oft at which high(t) is minimum. Although this is not generally required, it is fairly common. 
Stellenbosch University  https://scholar.sun.ac.za
464 
a. Fuzzification 
The table below illustrates the fuzzification subprocess. The membership functions defined on the input 
variables are applied to their actual values to determine the degree of truth for each rule's premise. The degree 
of truth for a rule's premise is sometimes referred to as its ALPHA. Alpha 1, alpha 2, alpha 3 and alpha 4 
therefore represents the degrees of truth of rule 1's premise, rule 2's premise, rule 3's premise and rule 4's 
premise, respectively. If a rule's premise has a non-zero degree of truth then the rule is said to FIRE; i.e. if the 
rule applies at all it is said to fire . 
X y low(X) high(X) low(Y) high(Y) alpha 1 alpha 2 alpha 3 alpha 4 
0.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 
0.0 3.2 1.0 0.0 0.68 0.32 0.68 0.32 0.0 0.0 
0.0 6.1 1.0 0.0 0.39 0.6I 0.39 0.6I 0.0 0.0 
0.0 10.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 
3.2 0.0 0.68 0.32 1.0 0.0 0.68 0.0 0.32 0.0 
6.1 0.0 0.39 0.61 1.0 0.0 0.39 0.0 0.61 0.0 
10.0 0.0 0.0 1.0 1.0 0.0 0.0 0.0 1.0 0.0 
3.2 3.1 0.68 0.32 0.69 0.3I 0.68 0.31 0.32 0.31 
3.2 3.3 0.68 0.32 0.67 0.33 0.67 0.33 0.32 0.32 
IO.O 10.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 1.0 
Table A8.1: Alpha values for a set of X and Y values. 
b. Inference 
Consider the case when X= 0.0 and Y = 3.2. The premise degree of truth for rules 1, 2, 3, and 4 are 0.68, 0.32, 
0.0 and 0.0 respectively. 
Applying MIN inferencing to rule I assigns Z the fuzzy subset defmed by the membership function: 
Rule I (Z) = {Z/ 10, ifZ ~ 6 . 8 ; 
0.68, if z ;::: 6.8}. 
Applying MIN inferencing to rule 2 assigns Z the fuzzy subset defined by the membership function: 
Rule 2 (Z) = { 0.32, if Z ~ 6.8; 
I-Z/10 ifZ :?: 6.8} . 
Applying MIN inferencing to rule 3 assigns Z the fuzzy subset defined by the membership function: 
Rule 3 (Z) = 0. 
Applying MIN inferencing to rule 4 assigns Z the fuzzy subset defmed by the membership function: 
Rule 4 (Z) = 0. 
Applying PRODUCT inferencing to rule 1 assigns Z the fuzzy subset defined by the membership function: 
Rule 1 (Z) 0.68 * high(Z) 
0.68 * Z I 10 
0.068 * z 
Applying PRODUCT inferencing to rule 2 assigns Z the fuzzy subset defined by the membership function: 
Rule 2 (Z) 0.32 * low(Z) 
0.32 *(I- Zl IO) 
0.32 - 0.032 * z 
Applying PRODUCT inferencing to rule 3 assigns Z the fuzzy subset defined by the membership function: 
Rule 3 (Z) = 0. 
Applying PRODUCT inferencing to rule 4 assigns Z the fuzzy subset defined by the membership function: 
Rule 4 {Z) = 0. 
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c. Composition 
Combining MAX composition with MIN inferencing results in the fuzzy subset: 
Fuzzy(Z) = { 0.32, if Z ::; 3.2; 
Z I 10 if3 .2 ::; Z ::; 6.8; 
0.68 if z ;::: 6.8} . 
Combining SUM composition with PRODUCT inferencing results in the fuzzy subset: 
Fuzzy(Z) = 0.32 + 0.036 * Z. 
d. Defuzzification 
AVERAGE-OF-MAXIMA Defuzzification 
Using MAX-MIN inferencing and AVERAGE-OF-MAXIMA defuzzification results in a crisp value of 8.4 for 
Z (the average of the variable values at which the maximum truth value of0.68 occurs, i.e. (10.0 + 6.8) I 2). 
CENTROID Defuzzification 
All variables (X , Y and Z) take on values in the range [0, 10]. The centroid of the function f(z) is computed by 
dividing the moment of the function by the area of the function. The moment of the function is determined by 
computing the integral of z f(z) dz, and the area of the function is determined by computing the integral of f(z) 
dz. In this case f(z) = 0.32 + 0.036 * Z, and both integrals should be computed on the interval 0 to 10. 
The moment off(z) = 0.32 + 0.036 * Z is: 
0.32 * 10 + 0.018 * 10 * 10 = 3.2 + 1.8 = 5. 
The area off(z) = 0.32 + 0.036 * Z is: 
0.16 * 10 * 10 + 0.012 * 10 * 10 * 10) = 16 + 12 = 28. 
Therefore, the centroid of f(z) = 0.32 + 0.036 * Z is : 
28 I 5 = 5.6. 




Fuzzy Expert Systems to Select Presentation Elements 
1. A Set of Four Fuzzy Expert Systems for a MBTI Test 
I built four fuzzy expert systems, Fuzzy MBTI 1 to 4, to interpret the results of the MBTI test. Fuzzy MBTI 1 
must determine the degree to which the student is an extrovert and to which degree (s)he is an introvert (section 
1.1); Fuzzy MBTI 2 must decide to which degree the student prefers sensory and to which degree (s)he prefers 
intuitive information (section 1.2); Fuzzy MBTI 3 must rate the student's relevant preference for thinking and 
feeling (section 1.3); and the task of Fuzzy MBTI 4 is to determine to which degree the student prefers judging 
and to which degree (s)he prefers perception (section 1.4). Together with the associated inference engine, the 
knowledge bases of Fuzzy MBTI 1 to 4 make up the fuzzy MBTI test. 
1.1. A Fuzzy Expert System for the Extrovert-Introvert Dimension 
Two input variables, EXTR and INTR, representing the crisp scores of a student who has taken that part of a 
MBTI test that determines her/his preference for extroversion and introversion respectively, were identified. 
Both crisp EXTR and crisp INTR have values between 0 and 15. The output of the system is defmed as XIPI 
(Extroversion score minus Introversion score equals the Extroversion-Introversion Preference Indicator) and its 
crisp range is between -15 and 20. The crisp values between 15 and 20 are reserved for possible impossible 
theoretical cases that may come up when we are setting up the AS-THEN rule base. 
Four fuzzy sets are associated with each input variable and 6 with the only output variable. It is illustrated in 
figures A9.1, A9.2 and A9.3. Associated with each fuzzy range name is a physical dimensional range; for 
example, SIN lies between 9 and 12 while VSIN lies between 11 and 15 (on the INTR scale). All these ranges 
can also be found in the above mentioned figures . 
Fuzzy Set Description Dimensional ranj!e 
WEX Weak Extrovert [0,6] 
BEX Balanced Extrovert [6,9] 
SEX Strong Extrovert [9, 12] 
VSEX Very Strong Extrovert [11,151 
Figure A9.1: Fuzzy Sets Associated with Input Variable EXTR 
Fuzzy Set Description Dimensional rang_e 
WIN Weak Introvert [0,6] 
BIN Balanced Introvert [6,9] 
SIN Strong Introvert [9,12] 
VSIN Very Strong Introvert [11 ,15) 
Figure A9.2: Fuzzy Sets Associated with Input Variable INTR 
Fuzzy Set Description Dimensional range 
EXWI Extreme Extrovert Weak Introvert [5 , 15] 
SXWI Strong Extrovert Weak Introvert [3 ,7) 
BXI Balanced Extrovert Introvert f-3 ,31 
SIWX Strong Introvert Weak Extrovert [-7,-3] 
EIWX Extreme Introvert Weak Extrovert [-15,-5] 
IMPC Impossible Choice [15,20) 
Figure A9.3: Fuzzy Sets Associated with Output Variable XIPI 
After defining the fuzzy membership functions one must determine the AS-THEN rules that will translate the 
inputs into the actual outputs. Fuzzy MBTI l's rulebase contains 16 AS-THEN rules. For example: AS INTR is 
VSIN AND EXTR is WEX, THEN XIPI is EIWX. This means that because this student was tested with a very 
strong preference for introversion and a weak preference for extroversion, the learning elements associated with 
L---------------------------------------------------------------------------------------------------· I 
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a strong introvert should get an extremely high priority and those associated with a weak extrovert a low 
priority. 
Figure A9.4 contains all the rules of this expert system. 
VSIN EIWX IMPC IMPC IMPC 
SIN SIWX BXI IMPC IMPC 
BIN BXI BXI BXI IMPC 
WIN IMPC BXI SXWI EXWI 
WEX BEX SEX VSEX 
Figure A9.4: Rule Matrix with Variable EXTR Horizontally and INTR Vertically 
1.2. A Fuzzy Expert System for the Intuition-Sensation Dimension 
Two input variables, SENS and INT, representing the crisp scores of a student who has taken that part of a 
MBTI test that determines her/his preference for sensory and intuitive information respectively, were identified. 
Both crisp SENS and crisp INT have values between 0 and 15. The output of the system is defmed as NSPI 
(Intuitive score minus Sensory score equals the Intuition-Sensation Preference Indicator ) and its crisp range is 
between -15 and 20. The crisp values between 15 and 20 are reserved for possible impossible theoretical cases 
that may come up when we are setting up the AS-THEN rule base. 
Four fuzzy sets are associated with each input variable and 6 with the only output variable (subjective, but 
expert choices). It is illustrated in figures A9.5, A9.6 and A9.7. Associated with each fuzzy range name is a 
physical dimensional range; for example, SSN lies between 9 and 12 while VSSN lies between 11 and 15 (on 
the SENS scale). All these ranges can also be found in the above mentioned figures. 
Fuzzy Set Description Dimensional range 
WNT Weak Intuition f0,6l 
BNT Balanced Intuition [6,9] 
SNT Strong Intuition [9,12] 
VSNT Very Strong Intuition ri 1,151 
Figure A9.5: Fuzzy Sets Associated with Input Variable INT 
Fuzzy Set Description Dimensional range 
WSN Weak Sensing [0,6] 
BSN Balanced Sensing [6,9] 
SSN Strong Sensing [9,12] 
VSSN Very Strong Sensing [11,15] 
Figure A9.6: Fuzzy Sets Associated with Input Variable SENS 
Fuzzy Set Description Dimensional range 
ENWS Extreme Intuition Weak Sensing f5,15l 
SNWS Strong Intuition Weak Sensing [3,7] 
BSN Balanced Sensing Intuition [-3,31 
SSWN Strong Sensing Weak Intuition [-7,-3] 
ESWN Extreme Sensing Weak Intuition [-15,-5] 
IMPC Impossible Choice [15,20) 
Figure A9.7: Fuzzy Sets Associated with Output Variable NSPI 
After defining the fuzzy membership functions one must determine the AS-THEN rules that will translate the 
inputs into the actual outputs. Fuzzy MBTI 2's rulebase contains 16 AS-THEN rules. For example: AS SENS 
is VSSN AND INT is WNT, THEN NSPI is ESWN. This means that because this student was tested with a 
very strong preference for sensory information and a weak preference for intuitive information, the learning 
elements associated with a strong sensory preference should get an extremely high priority and those associated 
with the weak intuitive preference a low priority. 
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Figure A9.8 contains all the rules of this expert system. 
VSSN ESWN IMPC IMPC IMPC 
SSN SSWN BSN IMPC IMPC 
BSN BSN BSN BSN IMPC 
WSN IMPC BSN SNWS ENWS 
WNT BNT SNT VSNT 
Figure A9.8: Rule Matrix with Variable INT Horizontally and SENS Vertically 
1.3. A Fuzzy Expert System for the Feeling-Thinking Dimension 
Two input variables, FEEL and THNK, representing the crisp scores of a student who has taken that part of a 
MBTI test that determines her/his preference for feeling and thinking respectively, were identified. Both crisp 
FEEL and crisp THNK have values between 0 and 15. The output of the system is defmed as FTPI (Feeling 
score minus Thinking score equals the Feeling-Thinking Preference Indicator) and its crisp range is between-
15 and 20. The crisp values between 15 and 20 are reserved for possible impossible theoretical cases that may 
come up when we are setting up the AS-THEN rule base. 
Four fuzzy sets are associated with each input variable and 6 with the only output variable. It is illustrated in 
figures A9.9, A9.10 and A9.11. Associated with each fuzzy range name is a physical dimensional range; for 
example, SF lies between 9 and 12 while VSF lies between 11 and 15 (on the FEEL scale). All these ranges can 
also be found in the above mentioned figures. 
Fuzzy Set Description Dimensional range 
WF Weak Feeling [0,6] 
BF Balanced Feeling [6,9] 
SF StrongF eeling [9, 12) 
VSF Very Strong Feeling [11,15] 
Figure A9.9: Fuzzy Sets Associated with Input Variable FEEL 
Fuzzy Set Description Dimensional range 
WT Weak Thinking [0,6] 
BT Balanced Thinking [6,9) 
ST Strong Thinking [9, 12] 
VST Very Strong Thinking [11,15) 
Figure A9.10: Fuzzy Sets Associated with Input Variable THNK 
Fuzzy Set Description Dimensional range 
EFWT Extreme Feeling Weak Thinking f5,151 
SFWT Strong Feeling Weak Thinking [3,7) 
BTF Balanced Thinking Feeling f-3,31 
STWF Strong Thinking Weak Feeling [-7,-3] 
ETWF Extreme Thinking Weak Feeling [-15,-5] 
IMPC Impossible Choice [15,201 
Figure A9.11: Fuzzy Sets Associated with Output Variable FTPI 
After defining the fuzzy membership functions one must determine the AS-THEN rules that will translate the 
inputs into the actual outputs. Fuzzy MBTI 3's rulebase contains 16 AS-THEN rules. For example: AS FEEL is 
VSF AND THNK is WT, THEN FTPI is EFWT. This means that because this student was tested with a very 
strong preference for feeling and a weak preference for thinking, the learning elements associated with a strong 
feeling preference should get an extremely high priority and those associated with the weak thinking preference 
a low priority. 
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Figure A9 .12 contains all the rules of this expert system. 
VST ETWF IMPC IMPC IMPC 
ST STWF BTF IMPC IMPC 
BT BTF BTF BTF IMPC 
WT IMPC BTF SFWT EFWT 
WF BF SF VSF 
Figure A9.12: Rule Matrix with Variable FEEL Horizontally and THNK Vertically 
1.4. A Fuzzy Expert System for the Perception-Judging Dimension 
Two input variables, PERC and JUDG, representing the crisp scores of a student who has taken that part of a 
MBTI test that determines her/his preference for perception and judging respectively, were identified. Both 
crisp PERC and crisp JUDG have values between 0 and 15. The output of the system is defined as PJPI 
(Perception score minus Judging score equals the Perception-Judging Preference Indicator) and its crisp range is 
between -15 and 20. The crisp values between 15 and 20 are reserved for possible impossible theoretical cases 
that may come up when we are setting up the AS-THEN rule base. 
Four fuzzy sets are associated with each input variable and 6 with the only output variable. It is illustrated in 
figures A9.13, A9.14 and A9.15. Associated with each fuzzy range name is a physical dimensional range; for 
example, SJ lies between 9 and 12 while VSJ lies between 11 and 15 (on the JUDG scale). All these ranges can 
also be found in the above mentioned figures. 
Fuzzy Set Description Dimensional range 
WP Weak Perception [0,6] . 
BP Balanced Perception [6,9] 
SP Strong Perception [9, 12] 
VSP Very Strong Perception [11,151 
Figure A9.13: Fuzzy Sets Associated with Input Variable PERC 
Fuzzy Set Description Dimensional range 
WJ Weak Judging [0,6] 
BJ Balanced Judging [6,9] 
SJ Strong Judging [9, 12] 
VSJ Very Strong Judging [11 ,15] 
Figure A9.14: Fuzzy Sets Associated with Input Variable JUDG 
Fuzzy Set Description Dimensional range 
EPWJ Extreme Perception Weak Judging [5, 15] 
SPWJ Strong Perception Weak Judging [3 ,7] 
BJP Balanced Judging Perception [ -3,3] 
SJWP Strong Judging Weak Perception [-7,-3] 
EJWP Extreme Judging Weak Perception [-15,-5] 
IMPC Impossible Choice [15,20] 
Figure A9.15: Fuzzy Sets Associated with Output Variable PJPI 
After defining the fuzzy membership functions one must determine the AS-THEN rules that will translate the 
inputs into the actual outputs. Fuzzy MBTI 4's rulebase contains 16 AS-THEN rules . For example: AS PERC 
is VSP AND JUDG is WJ, THEN PJPI is EPWJ. This means that because this student was tested with a very 
strong preference for perception and a weak preference for judging, the learning elements associated with a 
strong perception preference should get an extremely high priority and those associated with the weak judging 
preference a low priority. 
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Figure A9.16 contains all the rules ofthis expert system. 
VSJ EJWP IMPC IMPC IMPC 
SJ SJWP BJP IMPC IMPC 
BJ BJP BJP BJP IMPC 
WJ IMPC BJP SPWJ EPWJ 
WP BP SP VSP 
Figure A9.16: Rule Matrix with Variable PERC Horizontally and JUDG Vertically 
2. A Fuzzy Expert System for La Haye's Temperament Test 
I also implemented a fuzzy interpretation of La Haye's temperament test. Its aim is not just to determine a 
student's temperament blend (the obvious output made up of the two most dominant main temperaments), but 
also to identify certain learning preferences typical to that specific temperament blend, and to establish whether 
the student possibly has some psychological needs. The former are incorporated into yhe model of tutoring and 
learning while the latter are handled by the artificial psychologist. 
I built a fuzzy expert system to accomplish this. Its output is a fuzzy classification of the student's temperament: 
A description of the degrees to which his/her contributing blends are present. 156 different outputs are possible 
(13 x 12 = 156: 13 fuzzy output sets, 12 blends of temperament) . A student may, for example, be classified as 
an average SanMel. 
In administering La Haye's temperament test four scores are calculated, one for each of the four basic 
temperaments (sanguine, choleric, melancholy and phlegmatic). Two input variables, GOLD and SILVER, 
were identified for the building of the system's knowledge base. GOLD represents the difference between the 
highest and the second highest crisp scores, while SILVER represents the difference between the second and 
third highest scores. GOLD and SILVER are defined the way they are in order to be able to describe the 
strength of a student's temperament blend. Both crisp GOLD and crisp SILVER have values between 0 and 50. 
The output of the system is defined as TYPE and its crisp range is between 0 and 100, depending on whether its 
a low, an average, a strong or a very strong blend. 
Five fuzzy sets are associated with each input variable and 13 with the only output variable. It is illustrated in 
figures A9 .17, A9 .18 and A9 .19. The first and second elements of each threesome associated with a fuzzy 
TYPE range name provide the degrees to which the scores of the two composing temperaments differ from each 
other and the rest, while the third gives the degree of the resulting blend. Associated with each fuzzy range 
name is a physical dimensional range; for example, SUBS lies between 6 and 10 while VM lies between 15 and 
50 (on both the GOLD and SILVER scales). All these ranges can also be found in the above mentioned figures . 
Fuzzy Set Description Dimensional range 
LIT Small Difference [0,3] 
QBIT Quite a Difference (3,6) 
SUBS Substantial Difference [6,10) 
M Quite a Large Difference [10,15] 
VM Very Large Difference [15,50) 
Figure A9.17: Fuzzy Sets Associated with Input Variable GOLD 
Fuzzy Set Description Dimensional range 
LIT Small Difference (0,3) 
QBIT Quite a Difference [3 ,6] 
SUBS Substantial Difference [6, I OJ 
M Quite a Large Difference [10,151 
VM Very Large Difference fl5,50l 
Figure A9.18: Fuzzy Sets Associated with Input Variable SILVER 
Stellenbosch University  https://scholar.sun.ac.za
471 
Fuzzy Set Description Dimensional range 
LLL Low 1 Low 2 Low Type [0,25] 
LAA Low 1 Average 2 Average Type [25,38] 
ALA Average 1 Low 2 Average Type [35,50] 
LAS Low 1 Average 2 Strong Type [50,63] 
ALS Average 1 Low 2 Strong Type [58,66] 
LSS Low 1 Strong 2 Strong Type [61 ,68] 
SLS Strong 1 Low 2 Strong Type [64,69] 
SAS Strong 1 Average 2 Strong Type [72,75] 
AAS Average 1 Average 2 Strong Type [68,731 
LSE Low 1 Strong 2 Extreme Type [75,90] 
ASE Average 1 Strong 2 Extreme Type [85,94] 
SAE Strong 1 Average 2 Extreme Type (90,97] 
SSE Strong 1 Strong 2 Extreme Type [97,100] 
Figure A9.19: Fuzzy Sets Associated with Output Variable TYPE 
After defining the fuzzy membership functions I determined the AS-THEN rules. The rule base of the fuzzy La 
Haye expert system contains 25 AS-THEN rules of which AS GOLD is SUBS AND SILVER is QBIT THEN 
TYPE is AAS, is an example. Suppose the crisp scores for the sanguine and melancholic temperaments are the 
highest. This illustrative rule then means that a specific student has a strong SanMel temperament because 
there is a substantial difference between her/his highest score (sanguine) and her/his second highest 
(melancholy) and because there is also quite a difference between her/his second highest score (melancholy) and 
the scores of the other two temperaments. The learning style preferences and the potential psychological needs 
of a strong SanMel blend are consequently associated with this student. 
Figure A9 .20 contains all the rules of this expert system. 
VM LSE ASE ASE SAE SSE 
M LSS ASE ASE SSE SSE 
SUBS LAS AAS AAS SAE SAE 
QBIT LAA AAS AAS SAS SAE 
LIT LLL ALA ALS SLS SLS 
LIT QBIT SUBS M VM 
Figure A9.20: Rule Matrix with Variable GOLD Horizontally and SILVER Vertically 
3. A Fuzzy Expert System for the Visualizer-Verbalizer Questionnaire 
Two input variables, VIS and AUD, representing the crisp scores of a student who has taken the Visualizer-
Verbalizer Questionnaire were identified. Both crisp VIS and crisp AUD have values between 0 and 10. The 
output of the system is defined as VAPI (Visual-Verbal Preference Indicator) and its crisp range is between -300 
and 400. The crisp values between 300 and 400 are reserved for possible impossible theoretical cases that may 
come up when we are setting up the AS-THEN rule base. 
Four fuzzy sets are associated with each input variable and 6 with the only output variable. It is illustrated in 
figures A9.21, A9.22 and A9.23. Associated with each fuzzy range name is a physical dimensional range; for 
example, SAD lies between 6 and 9 while VSAD lies between 8 and 10 (on the AUD scale). All these ranges 
can also be found in the above mentioned figures. 
Fuzzy Set Description Dimensional range 
wvs Weak Visual [0,5] 
BVS Balanced Visual (4,7] 
svs Strong Visual [6,9] 
vsvs Very Strong Visual [8, 1 0] 
Figure A9.21: Fuzzy Sets Associated with Input Variable VIS 
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Fuzzy Set Description Dimensional ran2e 
WAD Weak Verbal [0,5] 
BAD Balanced Verbal [4,7] 
SAD Strong Verbal [6,9] 
VAD Very Strong Verbal [8, 10] 
Figure A9.22: Fuzzy Sets Associated with Input Variable AUD 
Fuzzy Set Description Dimensional ran2e 
EVWA Extreme Visual Weak Verbal [ -300,-200] 
SVWA Strong Visual Weak Verbal r -2oo,-1 oo] 
BVA Balanced Visual Verbal [-100,100] 
SAWV Strong Verbal Weak Visual [100,200] 
EAWV Extreme Verbal Weak Visual [200,300] 
IMPC Impossible Choice [300,400] 
Figure A9.23: Fuzzy Sets Associated with Output Variable V API 
After defining the fuzzy membership functions one must determine the AS-THEN rules that will translate the 
inputs into the actual outputs. The fuzzy rulebase contains 16 AS-THEN rules. For example: AS AUD is 
VSAD AND VIS is WVS, THEN V API is EA WV. This means that because this student was tested with a very 
strong preference for verbal information and a weak preference for visual information, the learning elements 
associated with a strong verbal preference should get an extremely high priority and those associated with the 
weak visual preference a low priority. 
Figure A9.24 contains all the rules ofthis expert system. 
VSAD EAWV IMPC IMPC IMPC 
SAD SAWV BVA IMPC IMPC 
BAD BVA BVA BVA IMPC 
WAD IMPC BVA SVWA EVWA 
wvs BVS svs vsvs 
Figure A9.24: Rule Matrix with Variable VIS Horizontally and VERB Vertically 
4. A Fuzzy Expert System for the Study Preference Questionnaire 
Two input variables, SEQ and GLBL, representing the crisp scores of a student who has taken the Study 
Preference Questionnaire were identified. Both crisp SEQ and crisp GLBL have values between 0 and 5. The 
output of the system is defined as SGPI (Sequential-Global Preference Indicator) and its crisp range is between-
300 and 400. The crisp values between 300 and 400 are reserved for possible impossible theoretical cases that 
may come up when we are setting up the AS-THEN rule base. 
Four fuzzy sets are associated with each input variable and 6 with the only output variable. It is illustrated in 
figures A9.25, A9.26 and A9.27. Associated with each fuzzy range name is a physical dimensional range; for 
example, SSQ lies between 2 and 4.5 while VSSQ lies between 4 and 5 (on the SEQ scale). All these ranges 
can also be found in the above mentioned figures. 
Fuzzy Set Description Dimensional range 
WSQ Weak Sequential [0,1] 
BSQ Balanced Sequential [0.5,2.5] 
SSQ Strong Sequential [2,4.5] 
VSSQ Very Strong Sequential [4,5] 
Figure A9.25: Fuzzy Sets Associated with Input Variable SEQ 
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Fuzzy Set Description Dimensional range 
WGB Wea~ Global [0,1) 
BGB Balanced Global [0.5,2.5) 
SGB Strong Global [2,4.5) 
VGB Very Strong Global [4,5] 
Figure A9.26: Fuzzy Sets Associated with Input Variable GLBL 
Fuzzy Set Description Dimensional range 
ESWG Extreme Sequential Weak Global [ -300,-200) 
SSWG Strong Sequential Weak Global [ -200,-1 00) 
BSG Balanced Sequential Global [-100,100] 
SGWS Strong Global Weak Sequential [100,200] 
EGWS Extreme Global Weak Sequential [200,300] 
IMPC Impossible Choice [300,400) 
Figure A9.27: Fuzzy Sets Associated with Output Variable SGPI 
After defining the fuzzy membership functions one must determine the AS-THEN rules that will translate the 
inputs into the actual outputs. The fuzzy rulebase contains 16 AS-THEN rules . For example: AS GLBL is 
VSGB AND SEQ is WSQ, THEN SGPI is EGWS. This means that because this student was tested with a very 
strong preference for global information and a weak preference for sequential information, the learning elements 
associated with a strong global preference should get an extremely high priority and those associated with the 
weak sequential preference a low priority. 
Figure A9.28 contains all the rules of this expert system. 
VSGB EGWS IMPC IMPC IMPC 
SGB SGWS BSG IMPC IMPC 
BGB BSG BSG BSG IMPC 
WGB IMPC BSG SSWG ESWG 
WSQ BSQ SSQ VSSQ 
Figure A9.28: Rule Matrix with Variable SEQ Horizontally and GLBL Vertically 
5. A Fuzzy Expert System for Neethling's Brain Profile Test 
A fuzzy interpretation of Neethling's Brain Profile Test (Neethling & Rutherford, 1996) was also implemented. 
Its aim is not just to determine a student's brain profile (dominant, secondary and tertiary quadrants) but also to 
identify certain learning preferences and to establish whether the student possibly has some psychological needs. 
The former are incorporated into a model of tutoring and learning while the latter are handled by the artificial 
psychologist. 
I built a fuzzy expert system to accomplish this. Its output is a fuzzy description of the student's brain profile, 
identifying the dominant, secondary and tertiary quadrants thereof and, very importantly, stating to which 
degree the student prefers the characteristics associated with the four quadrants of the brain. A student may for 
example have a high preference for the L1 quadrant, an average preference for the L2 quadrant, and a low 
preference for the Rl and R2 quadrants . 
In administering Neethling's Brain Profile Test four scores are calculated, one for each quadrant of the brain: 
Ll , L2, Rl and R2 . Two input variables, GOLD and SILVER, were identified for the building of the system's 
knowledge base. GOLD represents the difference between the highest and the second highest crisp scores, 
while SILVER represents the difference between the second and third highest scores. Both crisp GOLD and 
crisp SILVER have values between 0 and 15. The output of the system is defined as PREF and its crisp range is 
between 0 and 90, depending on whether the student has very extreme, balanced or well-distributed preferences 
for the various quadrants of the brain. 
Five fuzzy sets are associated with each input variable and 6 with the only output variable. It is illustrated in 
figures A9.29, A9.30 and A9.31. 
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Fuzzy Set Description Dimensional ran2e 
LIT Small Difference [0,3] 
QBIT Quite a Difference [2,5] 
SUBS Substantial Difference (4,7] 
M Quite a Large Difference [6,9] 
VM Very Large Difference [8, 15] 
Figure A9.29: Fuzzy Sets Associated with Input Variable GOLD 
Fuzzy Set Description Dimensional ran2e 
LIT Small Difference [0,3] 
QBIT Quite a Difference [2,5] 
SUBS Substantial Difference [4,71 
M Quite a Large Difference [6,9] 
VM Very Large Difference [8,15) 
Figure A9.30: Fuzzy Sets Associated with Input Variable SILVER 
Fuzzy Set Description Dimensional ran2e 
HLL High 1 Low 2 Low 3 & 4 [0,15) 
HAL High 1 Average 2 Low 3 & 4 [15,30] 
HAA High 1 Average 2 Average 3 & 4 [30,45] 
HHL High 1 High 2 Low 3 & 4 [45,60] 
HHA High 1 High 2 Average 3 & 4 [60,75] 
HHH High 1 High 2 High 3 & 4 [75,90] 
Figure A9.31: Fuzzy Sets Associated with Output Variable PREF 
The first element of each threesome associated with a fuzzy PREF range name provides the degree to which the 
student prefers the dominant quadrant (and its associated characteristics), the second provides the degree to 
which the student prefers the secondary quadrant and the third indicates to which degree the student prefers the 
tertiary quadrants. 
Associated with each fuzzy range name is a physical dimensional range; for example, SUBS lies between 4 and 
7 while VM lies between 8 and 15 (on both the GOLD and SILVER scales). All these ranges are given in 
figures 9.37, 9.38 and 9.39. 
After defining the fuzzy membership functions I determined the AS-THEN rules. The rule base of the fuzzy 
Brain Profile Test contains 25 AS-THEN rules of which AS GOLD is SUBS AND SILVER is QBIT THEN 
PREF is HAL, is an example. Suppose the crisp scores for the Ll and R2 quadrants are the highest and that the 
crisp score for the L2 quadrant is the third highest. This illustrative rule then means that a specific student has a 
high preference for the Ll quadrant because there is a substantial difference between her/his highest score (Ll) 
and his second highest (R2) and because there is also quite a difference between her/his second highest score 
(R2) and the scores of the other two quadrants (L2 and R1). The learning style preferences and the potential 
psychological needs associated with the Ll quadrant are therefore preferred to a high degree, those of the R2 
quadrant to an average degree and those of the L2 and Rl quadrants to a low degree. Figure A9.32 contains all 
the rules of this expert system. 
VM HHL HAL HAL HLL HLL 
M HHL HAL HAL HLL HLL 
SUBS HHA HAL HAL HLL HLL 
QBIT HHA HAA HAL HLL HLL 
LIT HHH HAA HAA HLL HLL 
LIT QBIT SUBS M VM 
Figure A9.32: Rule Matrix with Variable GOLD Horizontally and SILVER Vertically 
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Appendix 10 
The ME-OW A Aggregation Technique 
1. The ME-OW A Aggregation Technique 
Ordered weighted averaging (OWA) operators allows for aggregation between the AND and the OR. They were 
introduced by Yager (Yager, 1988; Yager, 1993), and are characterized by a vector called the OW A weighting 
vector. Two measures can be associated with a given OW A operator. One measures the degree of OR-ness 
associated with the OWA vector, and the other the degree of entropy associated with it. O'Hagan (Filev & Yager, 
1995) suggested an approach which is based upon the specification of just the measure of OR-ness. His method is a 
maximum entropy type procedure and is based on the solution of a constraint optimization problem. The resulting 
weights are called the ME-OW A weights for a given degree of OR-ness. 
After providing a formal definition of the OW A operators, a few characteristics and defming the so-called "omess 
measure" and the entropy of the weighting vector W, the Maximum Entropy Ordered Weighted Averaging (ME-
OW A) operator will be formally introduced. A demonstration illustrating how to analytically find a solution of the 
associated ME-OW A weights, and how they are used in our application, follow thereafter (from (Filev & Yager, 
1995)). 
1.1. Definition 
An OW A operator of dimension n is a mapping 
that has an associated weighting vector W, 
such that 
Wi f: (0 1 ), 
and where the function value f(a1 , ... ,an) determines the aggregated value of the arguments a1, a2, ... ,an in such a 
manner that 
where bj is the j'th largest element of the collection of the n aggregated objects a 1 ,a2, ... an. 
For example, if W = [0.1 0.2 0.4 0.3] and we must find the aggregated value f(0.5 ,1,0.2,0.6), then bl = 1, b2 = 0.6, 
b3 = 0.5 and b4 = 0.2 and f(0 .5,1,0.2,0.6) = 0.1 *1 + 0.2*0.6 + 0.4*0.5 + 0.3*0.2 = 0.48. 
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1.2. Characteristics of OW A operators 
OW A operators inlude a number of well-known aggregation operators: 
ForW = [1 0 ... O]T, 
f(ak·,an) = Max[ai] ; 
for W = [0 0 ... l]T, 
f{a k·,an) = Min[aiJ; and 
for W = [1/n 1/n ... 1/n]T, 
1 
f(ak.,an) = --- ~ ai. 
n 1 
476 
The OW A operators satisfy the commutativity, monotonicity and idempotency properties, and they are bounded by 
the MAX and MIN operators, i.e. 
These operators provide an aggregation between the AND and the OR. Their introduction led to the definition of 
the "omess measure". 
1.3. The "orness measure" 
The omess of the aggregation guided by the weighting vector W is defined as 
1 n 
Q(W) = --- . :E (n - i) wi. 
n-1 t=l 
This measure lies in the unit interval [0 1]. It characterizes the degree to which the aggregation is a MAX-like or a 
MIN-like operation. For the MAX aggregation Q = 1, for the MIN aggregation Q = 0, and for the arithmetic mean 
Q=0.5. 
1.4. The Entropy of the Weighting Vector W 
The entropy of the weighting vector W is defined as 
n 
E(W) = :E w· ln w·. i= J 1 1 
This measure can be used to characterize the degree to which the degree to which information about the individual 
aggregates can be used in the aggregation process. 
1.5. Determination of the Weights 
O'Hagan (Yager, 1993) developed an elegant way to generate the OW A weights that have a predefined degree of 
orness _ and that maximize the entropy. O'Hagan called these operators Maximal Entropy OW A (MEOW A) 
operators. O'Hagan's approach is based on the solution of the following constrained optimization problem: 





L w · = 1 
i= l 1 
n 
L wi In wi 
i= l 
n 
L (n- i) wi 
n-1 i= l 
Wi E (0 1 ), i = 1,2, ... ,n. 
0 is the specified desired degree of orness. 






The Lagrange multiplier method is used to obtain an analytical solution to the above problem. This method is based 
on a functional representation of the constraint optimization problem. The following Lagrange function (L) is 
therefore constructed: 
n n 
L = - . L wi In wi + a ( L wi - 1 ) + B ( 
t=l i= l 
n 
L (n-i) Wi- 0) 
n-1 i=l 
(5) 
Using the Lagrange method the OW A weights that maximize the objective function ( 1) with respect to the 
constraints (2), (3) and (4) must make zero the partial derivatives of this Lagrange function. 
Make zero the partial derivatives of L with respect to parameters w;: 
- 1n wi - 1 + a + B 
n- 1 
----- = 0, i = 1 ,2, ... ,n 
n-1 
Make zero the partial derivatives of L with respect to Lagrange multiplier a: 
n 
L w · - 1 = 0 
i= l 1 
Make zero the partial derivatives of L with respect to Lagrange multiplier ft: 
1 n 
L (n- i) wi- 0) = 0 
n-1 i=l 
Manipulate equations (6) and (7) to obtain the following for the w;'s: 
n- 1 
a- i + B -----
e n-1 . 12 , 1 = , , .. . ,n 
n 
L w· = e a -1 
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, i = 1,2, ... ,n. 















A nonlinear equation relating the specified degree of orness and the Lagrange multiplier 13 is thus obtained. 
Rewrite (12) in another form: 
n- 1 
n n- i 13 
E ( ----- Q ) e n-1 0 
i=l n-1 
.P 
Simplify expression (II) by substituting h e n-I 
h n- i 
Wi = -------------------
' 
i = 1,2, .. . ,n. 
n 
E h n- J 
j= l 
.P 
Simplify expression (12) by substituting h e n-I 
h n- i n 
Q E (n- i) ---------------
n- 1 i= l n 
E h n- J j= l 
.P 
Simplify expression (13) by substituting h e n-I 
n n- 1 
E ( ----- Q ) h n- 1 0 








Table 1 lists the values of the MEOW A weights, the orness Q and the entropy E of the weights for some values of 13 
whenn = 5. 
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6 Wl W? W1 W.:i w" n E 
20 0.99 0.01 0.00 0.00 0.00 1.00 0.04 
10 0.92 0.08 0.01 0.00 0.00 0.98 0.31 
5 0.71 0.20 0.06 0.02 0.00 0.90 0.83 
2 0.43 0.26 0.16 0.10 0.06 0.73 1.39 
1 0.31 0.24 0.19 0.15 0.11 0.62 1.55 
0 0.20 0.20 0.20 0.20 0.20 0.50 1.61 
-1 0.11 0.15 0.19 0.24 0.31 0.38 1.55 
-2 0.06 0.10 0.16 0.26 0.43 0.27 1.39 
-5 0.00 0.02 0.06 0.20 0.71 0.10 0.83 
-10 0.00 0.00 0.01 0.08 0.92 0.02 0.31 
-20 0.00 0.00 0.00 0.01 0.99 0.00 0.04 
Table AlO.l: MEOW A Weights, Orness and Entropy for Different Values of 6 (n = 5). 
The OWA weights defined by (11) are actually the MEOWA weights parameterized by the parameter 13. The 
measure of omess Q (defmed by (12)) is also paramerized by 13. This parameter therefore completely determines the 
properties of the OW A operator. 
Expression ( 16) provides a direct way to find the values of MEOW A weights that generate some prescribed value of 
the omess measure_ without having to solve the constraint optimization problem defined by (1), (2), (3) and (4). 
The following procedure is utilized to achieve this: 
1. Use the Newton-Raphson Algorithm to find a positive solution h *of the algebraic equation (16): 
n n- 1 
1: ( ----- n ) h n-1 0. 
i=l n-1 
2. Obtain the MEOW A weights wifrom (14) using as the value of the parameter ft,ft* = (n-1) In (h *). 
We used this procedure to calculate the MEOW A weights within our fuzzy decision-rnking system. It is much 
easier than solving the original constraint optimization problem that is defined by (1), (2), (3) and (4). The 
following example illustrates this procedure: 
Example 
Assume n = 5 and the desired degree of omess Q = 0.8. The Newton Raphson Algorithm is used to find a positive 
solution to the following equation: 
0.2 h4 - 0.05 h3 - 0.3 h2 - 0.55 h - 0.8 = 0. 
The positive solution is h * = 2.07. The value of the parameter B that is associated with this solution is B * = 2.91. 
Expression (14) is now used for the MEOW A weights . They are: 
W1 = 0.53 
w2 = 0.26 
w3 = 0.12 
w4 = 0.06 
w5 = 0.03 
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2. The Power Method to Approximate the Dominant Eigenvalues and 
Associated Eigenvectors 
The Power Method (Burden & Faires, 1985) is used to approximate the dominant eigenvalue and an associated 
eigenvector of then x n matrix A; given a nonzero vector x. 
The input variables to this algorithm are the dimension n, the matrix A, a tolerance TOL, and the maximum number 
of iterations N. The output variables are either an approximate eigenvalue !land an approximate eigenvector x (with 
II x II 00 = 1), or a message that the maximum number of iterations was exceeded and that the procedure was 
unsuccessful as a consequence. 
Step 1: Set k = 1. 
Step 2: Find an integer p with 1 ~ p ~nand lxpl = II x II 00. 
Step 3: Set x= --- x. 
Xp 
Step 4: While k ~ N do steps 5-11. 
Step 5: Set y =Ax. 
Step 6: Set !l = Yp· 
Step 7: Find an integer p with 1 ~ p ~nand IYpl =II y lloo. 
Step 8: Ifyp = 0 then 
Output: Eigenvector x. 
A has eigenvalue 0. 
Select a new vector x and restart. 
Stop. 
1 
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Step 10: If ERR < TOL then 
Output: Eigenvalue fl · 
Eigenvector x. 
Stop. {Procedure completed successfully} 
Step 11: Set k = k+ 1. 
Step 12: Output: Maximum number of iterations exceeded. 
Stop. {Procedure completed unsuccessfully} 
3. The Newton-Raphson Algorithm 
The Newton-Raphson algorithm (Burden & Faires, 1985) is used to find a solution to f(x) = 0; given an initial 
approximation PO for x. We use it in our calculations of the ME-OW A weights. 
The input variables to this algorithm are initial approximation PO, a tolerance TOL and the maximum number of 
iterations No. The output is either an approximate solution p, or a message of failure . 
Step 1: Set i = 1. 
Step 2: While i :::; No do Steps 3 to 6. 
Step 3: Set p =PO- f(po) If' (po) 
Step 4: If abs(p -Po) < TOL then 
Output: p 
Stop. 
{Procedure completed successfully} 
Step 5: Set i = i+ 1. 
Step 6: Set PO = p. 
{Update Po} 
Step 7: Output: Method failed after No iterations. 
Stop. 
{Procedure completed unsuccessfully} 
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Appendix 11 
Demonstrating the Fuzzy Decision Making Algorithm 
A Procedure to Select the Most Appropriate Tutoring Mode Within My 
Original Approach Towards the Implementation of Felder and Silverman's 
Model 
1. Identify the Goals 
Goals are what we want out of the process. The following three goals were identified for this application: 
1. The selected alternative should match the student's model of teaching and learning (denoted by variable 
TLModel). 
2. The selected alternative should also be useable in other domains by the student (extendable) (denoted by 
variable Extend). 
3. The selected alternative should be easy to use and be user friendly towards the student (denoted by variable 
Friend). 
2. Identify the Constraints 
Constraints are limiting factors. The following eleven limiting factors were identified for selecting an 
alternative within this environment: 
l. Each alternative was developed in Turbo Pascal Version 4.0 (with no hypertext) and in "TutorialWriter" 
(with limited hypertext) (denoted by variable TurboTW). 
2. Each alternative run mainly in a Dos environment (denoted by variable DosEnv). This constraint impacts on 
the choice of tutoring mode. 
3. Each alternative was developed by a one-man team (denoted by variable OneTeam) .. 
4. An indicator denoting the student's preference for a strictly structured approach towards teaching (denoted 
by variable Struct). 
5. An indicator denoting the student's preference for a unstructured approach towards teaching (denoted by 
variable Unstruct). 
6. An indicator denoting the student's preference for a moderately structured approach towards teaching 
(denoted by variable ModStruct). 
7. An indicator denoting the student's preference for a deductive approach towards teaching (denoted by 
variable Deductive). 
8. An indicator denoting the student's preference for an inductive approach towards teaching (denoted by 
variable Inductive). 
9. An indicator denoting the student's preference for a sequential approach towards the presentation of learning 
material (denoted by variable Sequential). 
10. An indicator denoting the student's preference for a global approach towards the presentation of learning 
material (denoted by variable Global). 
11. The student's recommended field of study according to Kolb's LSI( denoted by variable FieldOfStudy). 
3. Identify the Alternatives 
Alternatives are the available choices. For this application the following nine were chosen by the author: 
l. Structured coaching following a deductive approach (denoted by variable Struct-Ded). 
2. Structured coaching following an inductive approach (denoted by variable Struct-Ind). 
3. Structured coaching following a balance between a deductive and an inductive approach (denoted by 
variable Struct-Bal). 
4. Unstructured tutoring following a deductive approach (denoted by variable Unstruct-Ded). 
5. Unstructured tutoring following an inductive approach (denoted by variable Unstruct-Ind). 
6. Unstructured tutoring following a balance between a deductive and an inductive approach (denoted by 
variable Unstruct-Bal). 
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7. Moderately structured tutoring following a deductive approach (denoted by variable Mod-Struct-Ded). 
8. Moderately structured tutoring following an inductive approach (denoted by variable Mod-Struct-Ind). 
9. Moderately" structured tutoring following a balance between a deductive and an inductive approach (denoted 
by variable Mod-Struct-Bal). 
The structured coaching approaches are implemented by conventional learn-by-doing coaches, the unstructured 
tutoring approaches by electronic performance support systems, and the moderately structured tutoring 
approaches by structured versions of electronic performance support systems. 
The computer model is designed to produce the decision (i.e. the alternative) that best meets the goals within the 
bounds of the constraints. Each of the above mentioned goals, constraints and alternatives is weighed against 
the others. Output variables from the fuzzy expert systems (described in appendix 9) and results from learning 
style theory are used in this process. Their importance to the model, their relative importances, and the degree 
to which each alternative satisfies the goals and the constraints are weighed. ME-OW A aggregation is then 
employed to rank the alternatives. 
4. Ranking the relevant importances of the goals and constraints 
The group of goals and constraints are ranked along a comparative scale of importance of 1 (least) to 9 (most). 
This ranking is based on my analysis of the problem and my educated or gut opinion of the relevant importance 
of each factor. 












Figure All.l: The Judgement Scale 
I decided upon the following fuzzy importance factors for the problem's goals and constraints: 
Goals and constraints Fuzzy Importance 
Factor 
1. TLModel Most 
2. Extend Weak 
3. Friend Strong 
4. TurboTW Moderate 
5. DosEnv Moderate 
6. One Team Weak 
7. Struct Great 
8. UnStruct Great 
9. ModStruct Great 
10. Deductive More 
11. Inductive More 
12. Sequential Strong 
13. Global Strong 
14. FieldOfStudy More 
Figure A11.2: Fuzzy Importance Factors for this Application 
These linguistic values are then transformed into numerical values by using the Judgement Scale. Importance 
levels are assigned to each variable. 
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For this application the importance levels are: 
Goals and constraints Importance 
Levels 
I. TLModel 9 
2. Extend 3 
3. Friend 7 
4. TurboTW 5 
5. DosEnv 5 
6. One Team 3 
7. Struct 8 
8. UnStruct 8 
9. ModStruct 8 
10. Deductive 6 
11. Inductive 6 
12. Sequential 7 
13. Global 7 
14. FieldOfStudy 6 
Figure A11.3: Importance Levels for this Application 
They are then used in a calculation along with the weighting method ofT.L. Saaty. The results of this 
calculation are contained in the Importance Matrix. 
5. Construct the Importance Matrix B 
Use O'Hagan's methodology and the importance levels that were determined in the previous section, to generate 
the paired-comparison matrix B . It is given by: 
1.00 7.00 3.00 5.00 5.00 7.00 2.00 2.00 2.00 4.00 4.00 3.00 3.00 4.00 1 
0.14 1.00 0.20 0.33 0.33 1.00 0.16 0.17 0.17 0.25 0.25 0.20 0.20 0.25 2 
0.33 5.00 1.00 3.00 3.00 5.00 0.50 0.50 0.50 2.00 2.00 1.00 1.00 2.00 3 
0.20 3.00 0.33 1.00 1.00 3.00 0.25 0.25 0.25 0.50 0.50 0.33 0.33 0.50 4 
0.20 3.00 0.33 1.00 1.00 3.00 0.25 0.25 0.25 0.50 0.50 0.33 0.33 0.50 5 
0.14 1.00 0.20 0.33 0.33 1.00 0.17 0.17 0.17 0.25 0.25 0.20 0.20 0.25 6 
0.50 6.00 2.00 4.00 4.00 6.00 1.00 1.00 1.00 3.00 3.00 2.00 2.00 3.00 7 
0.50 6.00 2.00 4.00 4.00 6.00 1.00 1.00 1.00 3.00 3.00 2.00 2.00 3.00 8 
0.50 6.00 2.00 4.00 4.00 6.00 1.00 1.00 1.00 3.00 3.00 2.00 2.00 3.00 9 
0.25 4.00 0.50 2.00 2.00 4.00 0.33 0.33 0.33 1.00 1.00 0.50 0.50 1.00 10 
0.25 4.00 0.50 2.00 2.00 4.00 0.33 0.33 0.33 1.00 1.00 0.50 0.50 1.00 11 
0.33 5.00 1.00 3.00 3.00 5.00 0.50 0.50 0.50 2.00 2.00 1.00 1.00 2.00 12 
0.33 5.00 1.00 3.00 3.00 5.00 0.50 0.50 0.50 2.00 2.00 1.00 1.00 2.00 13 
0.25 4.00 0.50 2.00 2.00 4.00 0.33 0.33 0.33 1.00 1.00 0.50 0.50 1.00 14 
2 3 4 5 6 7 8 9 10 11 12 13 14 
6. Solve the Associated Eigenvalue I Eigenvector Problem 
The Power method yields the following solution to the .eigenvalue I eigenvector problem: 
~max= 14.305, and the corresponding eigenvector W is given by: 
[1.000 0.082 0.405 0.159 0.159 0.082 0.657 0.657 0.657 0.248 0.248 0.405 0.405 0.248]T 
7. Obtain the Unit Eigenvector W' 
The unit eigenvector corresponding to the maximum eigenvalue ~max is given by: 
[0.185 0.015 0.075 0.029 0.029 0.015 0.121 0.121 0.121 0.046 0.046 0.075 0.075 0.046]T 
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8. Determine the Exponential Weights 
Scale the eigenvector W' to obtain vector E: 
E=[al a2···a14]T = 
[2.586 0.212 1.048 0.412 0.412 0.212 1.698 1.698 1.698 0.642 0.642 1.048 1.048 0.642]T 
Remember that vector E is the weighting vector with which I am going to exponentially scale the component 
factors for the decision process. 
9. Determine the Satisfaction Levels 
A. Translating Knowledge from Learning Style Theory into Satisfaction Levels for the Goals and 
Constraints 
1. Satisfaction Levels of the Different Alternatives for the Goal "TLModel" 
Struct-Ded Strong 7 
Struct-Ind Strong 7 
Struct-Bal Strong 7 
Unstruct-Ded Strong 7 
Unstruct-Ind Strong 7 
Unstruct-Bal Strong 7 
Mod-Struct-Ded Great 8 
Mod-Struct-Ind Great 8 
Mod-Struct-Bal Great 8 
2. Satisfaction Levels of the Different Alternatives for the Goal "Extend" 
Struct-Ded More 6 
Struct-Ind More 6 
Struct-Bal More 6 
Unstruct-Ded Great 8 
Unstruct-Ind Great 8 
Unstruct-Bal Great 8 
Mod-Struct-Ded Strong 7 
Mod-Struct-Ind Strong 7 
Mod-Struct-Bal Strong 7 
3. Satisfaction Levels of the Different Alternatives for the Goal "Friend" 
Struct-Ded Great 8 
Struct-Ind Great 8 
Struct-Bal Great 8 
U nstruct-Ded Strong 7 
Unstruct-Ind Strong 7 
Unstruct-Bal Strong 7 
Mod-Struct-Ded Strong 7 
Mod-Struct-Ind Strong 7 
Mod-Struct-Bal Strong 7 
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Unstruct-Ded Less 4 
Unstruct-Ind Less 4 
Unstruct-Bal Less 4 
Mod-Struct-Ded Moderate 5 
Mod-Struct-Ind Moderate 5 
Mod-Struct-Bal Moderate 5 
5. Satisfaction Levels of the Different Alternatives for the Constraint "DosEnv" 
Struct-Ded More 6 
Struct-Ind More 6 
Struct-Bal More 6 
Unstruct-Ded Less 4 
Unstruct-Ind Less 4 
Unstruct-Bal Less 4 
Mod-Struct-Ded Moderate 5 
Mod-Struct-Ind Moderate 5 
Mod-Struct-Bal Moderate 5 
6. Satisfaction Levels of the Different Alternatives for the Constraint "OneTeam" 
Struct-Ded Less 4 
Struct-Ind Less 4 
Struct-Bal Less 4 
Unstruct-Ded More 6 
Unstruct-Ind More 6 
Unstruct-Bal More 6 
Mod-Struct-Ded Moderate 5 
Mod-Struct-Ind Moderate 5 
Mod-Struct-Bal Moderate 5 
7. Satisfaction Levels of the Different Alternatives for the Constraint "Struct" 
If the student has no special preference for the structured presentation of learning material, then the satisfaction 
levels are as follows: 
Struct-Ded Least 1 








If the student has a weak preference for the structured presentation of learning material, then the satisfaction 
levels are as follows: 
Struct-Ded Weak 3 
Struct-Ind Weak 3 
Struct-Ba1 Weak 3 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Least 1 
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If the student has a weak to an average preference for the structured presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded Less 4 
Struct-Ind Less 4 
Struct-Bal Less 4 






If the student has an average preference for the structured presentation of learning material, then the satisfaction 
levels are as follows: 
Struct-Ded Moderate 5 
Struct-Ind Moderate 5 
Struct-Bal Moderate 5 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Least 1 
If the student has an average to a strong preference for the structured presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded More 6 
Struct-Ind More 6 
Struct-Bal More 6 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Least 1 
If the student has a strong preference for the structured presentation of learning material, then the satisfaction 
levels are as follows: 
Struct-Ded Strong 7 
Struct-lnd Strong 7 
Struct-Bal Strong 7 






If the student has a strong to a very strong preference for the structured presentation of learning material, then 
the satisfaction levels are as follows: 
Struct-Ded Great 8 
Struct-Ind Great 8 
Struct-Bal Great 8 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 






If the student has a very strong preference for the structured presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded Most 9 
Struct-Ind Most 9 
Struct-Bal Most 9 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Least 1 
8. Satisfaction Levels of the Different Alternatives for the Constraint "Unstruct" 
If the student has no special preference for the unstructured presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded Least 1 
Struct-lnd Least 1 
Struct-Bal Least 1 






If the student has a weak preference for the unstructured presentation of learning material, then the satisfaction 
levels are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least 1 
U nstruct-Ded Weak 3 
Unstruct-Ind Weak 3 
Unstruct-Bal Weak 3 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Least 1 
If the student has a weak to an average preference for the unstructured presentation oflearning material, then the 
satisfaction levels are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least 1 
Unstruct-Ded Less 4 
Unstruct-Ind Less 4 
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If the student has an average preference for the unstructured presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Ba1 Least 1 
Unstruct-Ded Moderate 5 
Unstruct-Ind Moderate 5 
Unstruct-Bal Moderate 5 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Least 1 
If the student has an average to a strong preference for the unstructured presentation of learning material, then 
the satisfaction levels are as follows: 
Struct-Ded Least 
Struct-Ind Least 1 
Struct-Bal Least 1 
Unstruct-Ded More 6 
Unstruct-Ind More 6 
Unstruct-Bal More 6 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Least 1 
If the student has a strong preference for the unstructured presentation of learning material, then the satisfaction 
levels are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least 1 
Unstruct-Ded Strong 7 
Unstruct-Ind Strong 7 
Unstruct-Bal Strong 7 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Least 1 
If the student has a strong to a very strong preference for the unstructured presentation of learning material, then 
the satisfaction levels are as follows: 
Struct-Ded Least 
Struct-Ind Least 1 
Struct-Bal Least 1 
Unstruct-Ded Great 8 
Unstruct-Ind Great 8 
Unstruct-Bal Great 8 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Least 1 
If the student has a very strong preference for the unstructured presentation of learning material, then the 
satisfaction levels are as follows : 
Struct-Ded Least 1 
Struct-lnd Least 1 
Struct-Bal Least 1 
Unstruct-Ded Most 9 
Unstruct-Ind Most 9 













9. Satisfaction Levels of the Different Alternatives for the Constraint "Mod-Struct" 
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If the student has no special preference for a moderately structured presentation of learning material, then the 










If the student has a weak preference for a moderately structured presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least 1 
U nstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Weak 3 
Mod-Struct-Ind Weak 3 
Mod-Struct-Bal Weak 3 
If the student has a weak to an average preference for a moderately structured presentation of learning material, 





Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Less 4 
Mod-Struct-Ind Less 4 
Mod-Struct-Bal Less 4 
If the student has an average preference for a moderately structured presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded Least 
Struct-Ind Least 
Struct-Bal Least 1 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Moderate 5 
Mod-Struct-Ind Moderate 5 
Mod-Struct-Bal Moderate 5 
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If the student has an average to a strong preference for a moderately structured presentation oflearning material, 




Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded More 6 
Mod-Struct-Ind More 6 
Mod-Struct-Bal More 6 
If the student has a strong preference for a moderately structured presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least 1 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Strong 7 
Mod-Struct-Ind Strong 7 
Mod-Struct-Bal Strong 7 
If the student has a strong to a very strong preference for a moderately structured presentation of learning 
material, then the satisfaction levels are as follows: 
Struct-Ded Least 1 
Struct-lnd Least 1 
Struct-Bal Least 1 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
U nstruct-Bal Least 1 
Mod-Struct-Ded Great 8 
Mod-Struct-Ind Great 8 
Mod-Struct-Bal Great 8 
If the student has a very strong preference for a moderately structured presentation of learning material, then the 






Unstruct-Bal Least 1 
Mod-Struct-Ded Most 9 
Mod-Struct-Ind Most 9 
Mod-Struct-Bal Most 9 
10. Satisfaction Levels of the Different Alternatives for the Constraint "Deductive" 











Stellenbosch University  https://scholar.sun.ac.za
492 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal More 6 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal More 6 
If the student has a weak preference for the deductive approach to learning, then the satisfaction levels are as 
follows: 
Struct-Ded Weak 3 
Struct-Ind Least 1 
Struct-Bal More 6 
Unstruct-Ded Weak 3 
Unstruct-Ind Least 1 
Unstruct-Bal More 6 
Mod-Struct-Ded Weak 3 
Mod-Struct-Ind Least 1 
Mod-Struct -Bal More 6 
If the student has a weak to an average preference for the deductive approach to learning, then the satisfaction 
levels are as follows: 
Struct-Ded Less 4 
Struct-Ind Least 1 
Struct-Bal Moderate 5 
U nstruct-Ded Less 4 
Unstruct-Ind Least 1 
Unstruct-Bal Moderate 5 
Mod-Struct-Ded Less 4 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Moderate 5 
If the student has an average preference for the deductive approach to learning, then the satisfaction levels are as 
follows: 
Struct-Ded Moderate 5 
Struct-Ind Least 1 
Struct-Ba1 Less 4 
Unstruct-Ded Moderate 5 
Unstruct-Ind Least 1 
Unstruct-Bal Less 4 
Mod-Struct-Ded Moderate 5 
Mod-Struct-Ind Least 
Mod-Struct-Bal Less 4 
If the student has an average to strong preference for the deductive approach to learning, then the satisfaction 
levels are as follows: 
Struct-Ded More 6 
Struct-Ind Least 1 
Struct-Bal Weak 3 
Unstruct-Ded More 6 
Unstruct-Ind Least 1 
Unstruct-Bal Weak 3 
Mod-Struct-Ded More 6 
Mod-Struct-Ind Least I 
Mod-Struct-Bal Weak 3 
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If the student has a strong preference for the deductive approach to learning, then the satisfaction levels are as 
follows: 
Struct-Ded Strong 7 
Struct-Ind Least I 
Struct-Bal Small 2 
Unstruct-Ded Strong 7 
Unstruct-Ind Least I 
Unstruct-Bal Small 2 
Mod-Struct-Ded Strong 7 
Mod-Struct-Ind Least I 
Mod-Struct-Bal Small 2 
If the student has a strong to a very strong preference for the deductive approach to learning, then the 
satisfaction levels are as follows: 
Struct-Ded Great 8 
Struct-Ind Least I 
Struct-Bal Small 2 
Unstruct-Ded Great 8 
Unstruct-Ind Least I 
Unstruct-Bal Small 2 
Mod-Struct-Ded Great 8 
Mod-Struct-Ind Least I 
Mod-Struct-Bal Small 2 
If the student has a very strong preference for the deductive approach to learning, then the satisfaction levels are 
as follows: 
Struct-Ded Most 9 
Struct-Ind Least I 
Struct-Bal Least I 
Unstruct-Ded Most 9 
Unstruct-Ind Least I 
Unstruct-Bal Least I 
Mod-Struct-Ded Most 9 
Mod-Struct-Ind Least I 
Mod-Struct-Bal Least I 
11. Satisfaction Levels of the Different Alternatives for the Constraint "Inductive" 
If the student has no special preference for the inductive approach to learning, then the satisfaction levels are as 
follows : 
Struct-Ded Least I 
Struct-Ind Least I 
Struct-Bal More 6 
Unstruct-Ded Least I 
Unstruct-Ind Least 1 
Unstruct-Bal More 6 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal More 6 
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Unstruct-Ded Least I 
Unstruct-Ind Weak 3 
Unstruct-Bal More 6 
Mod-Struct-Ded Least I 
Mod-Struct-Ind Weak 3 
Mod-Struct-Bal More 6 
If the student has a weak to an average preference for the inductive approach to learning, then the satisfaction 
levels are as follows : 
Struct-Ded Least 1 
Struct-Ind Less 4 
Struct-Bal Moderate 5 
Unstruct-Ded Least I 
Unstruct-Ind Less 4 
Unstruct-Bal Moderate 5 
Mod-Struct-Ded Least I 
Mod-Struct-Ind Less 4 
Mod-Struct-Bai Moderate 5 
If the student has an average preference for the inductive approach to learning, then the satisfaction levels are as 
follows : 
Struct-Ded Least I 
Struct-Ind Moderate 5 
Struct-Bal Less 4 
Unstruct-Ded Least I 
Unstruct-Ind Moderate 5 
Unstruct-Bal Less 4 
Mod-Struct-Ded Least I 
Mod-Struct-Ind Moderate 5 
Mod-Struct-Bal Less 4 
If the student has an average to strong preference for the inductive approach to learning, then the satisfaction 
levels are as follows : 
Struct-Ded Least I 
Struct-Ind More 6 
Struct-Bal Weak 3 
Unstruct-Ded Least I 
Unstruct-Ind More 6 
Unstruct-Bal Weak 3 
Mod-Struct-Ded Least I 
Mod-Struct-Ind More 6 
Mod-Struct-Bal Weak 3 
If the student has a strong preference for the inductive approach to learning, then the satisfaction levels are as 
follows : 
Struct-Ded Least I 
Struct-Ind Strong 7 
Struct-Bal Small 2 
Unstruct-Ded Least 1 
Unstruct-Ind Strong 7 
Unstruct-Bal Small 2 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Strong 7 
Mod-Struct-Bal Small 2 
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If the student has a strong to a very strong preference for the inductive approach to learning, then the satisfaction 
levels are as follows: 
Struct-Ded Least 1 
Struct-Ind Great 8 
Struct-Bal Small 2 
Unstruct-Ded Least 1 
Unstruct-Ind Great 8 
Unstruct-Bal Small 2 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Great 8 
Mod-Struct-Bal Small 2 
If the student has a very strong preference for the inductive approach to learning, then the satisfaction levels are 
as follows: 
Struct-Ded Least 1 
Struct-Ind Most 9 
Struct-Bal Least 1 
Unstruct-Ded Least 1 
Unstruct-Ind Most 9 
Unstruct-Bal Least 1 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Most 9 
Mod-Struct-Bal Least 1 
12. Satisfaction Levels of the Different Alternatives for the Constraint "Sequential" 
If the student has no special preference for the sequential presentation of learning material, then the satisfaction 
levels are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least 1 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Strong 7 
Mod-Struct-Ind Strong 7 
Mod-Struct-Bal Strong 7 
If the student has a weak preference for the sequential presentation of learning material, then the satisfaction 
levels are as follows: 
Struct-Ded Weak 3 
Struct-Ind Weak 3 
Struct-Bal Weak 3 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded More 6 
Mod-Struct-Ind More 6 
Mod-Struct-Bal More 6 
If the student has a weak to an average preference for the sequential presentation of learning material, then the 
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Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Moderate 5 
Mod-Struct-Ind Moderate 5 
Mod-Struct-Bal Moderate 5 
If the student has an average preference for the sequential presentation of learning material, then the satisfaction 
levels are as follows: 
Struct-Ded Moderate 5 
Struct-Ind Moderate 5 
Struct-Bal Moderate 5 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Less 4 
Mod-Struct-Ind Less 4 
Mod-Struct-Bal Less 4 
If the student has an average to a strong preference for the sequential presentation of learning material, then the 
satisfaction levels are as follows : 
Struct-Ded More 6 
Struct-Ind More 6 
Struct-Bal More 6 
U nstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Weak 3 
Mod-Struct-Ind Weak 3 
Mod-Struct-Bal Weak 3 
If the student has a strong preference for the sequential presentation of learning material, then the satisfaction 
levels are as follows: 
Struct-Ded Strong 7 
Struct-Ind Strong 7 
Struct-Bal Strong 7 
Unstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Small 2 
Mod-Struct-Ind Small 2 
Mod-Struct-Bal Small 2 
If the student has a strong to a very strong preference for the sequential presentation of learning material, then 
the satisfaction levels are as follows : 
Struct-Ded Great 8 
Struct-Ind Great 8 
Struct-Bal Great 8 
U nstruct-Ded Least 1 
Unstruct-Ind Least 1 
Unstruct-Bal Least 1 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 1 
Mod-Struct-Bal Least 1 
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If the student has a very strong preference for the sequential presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded Most 9 
Struct-Ind Most 9 
Struct-Bal Most 9 
Unstruct-Ded Least 1 





13. Satisfaction Levels of the Different Alternatives for the Constraint "Global" 
If the student has no special preference for the global presentation of learning material, then the 







Mod-Struct-Ded Strong 7 
Mod-Struct-Ind Strong 7 
Mod-Struct-Bal Strong 7 
If the student has a weak preference for the global presentation of learning material, then the satisfaction levels 
are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least 1 
Unstruct-Ded Weak 3 
Unstruct-Ind Weak 3 
Unstruct-Bal Weak 3 
Mod-Struct-Ded More 6 
Mod-Struct-Ind More 6 
Mod-Struct-Bal More 6 
If the student has a weak to an average preference for the global presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least I 
U nstruct-Ded Less 4 
Unstruct-Ind Less 4 
Unstruct-Bal Less 4 
Mod-Struct-Ded Moderate 5 
Mod-Struct-Ind Moderate 5 
Mod-Struct-Bal Moderate 5 
If the student has an average preference for the global presentation of learning material, then the satisfaction 
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Unstruct-Ded Moderate 5 
Unstruct-Ind Moderate 5 
Unstruct-Bal Moderate 5 
Mod-Struct-Ded Less 4 
Mod-Struct-Ind Less 4 
Mod-Struct-Bal Less 4 
If the student has an average to a strong preference for the global presentation of learning material, then the 
satisfaction levels are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least 1 
Unstruct-Ded More 6 
Unstruct-Ind More 6 
Unstruct-Bal More 6 
Mod-Struct-Ded Weak 3 
Mod-Struct-Ind Weak 3 
Mod-Struct-Bal Weak 3 
If the student has a strong preference for the global presentation of learning material, then the satisfaction levels 
are as follows: 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least 1 
Unstruct-Ded Strong 7 
Unstruct-Ind Strong 7 
Unstruct-Bal Strong 7 
Mod-Struct-Ded Small 2 
Mod-Struct-Ind Small 2 
Mod-Struct-Bal Small 2 
If the student has a strong to a very strong preference for the global presentation of learning material, then the 
satisfaction levels are as follows : 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Ba1 Least 1 
Unstruct-Ded Great 8 
Unstruct-Ind Great 8 
Unstruct-Bal Great 8 
Mod-Struct-Ded Least 1 
Mod-Struct-Ind Least 
Mod-Struct-Bal Least 
If the student has a very strong preference for the global presentation of learning material, then the satisfaction 
levels are as follows : 
Struct-Ded Least 1 
Struct-Ind Least 1 
Struct-Bal Least 1 
Unstruct-Ded Great 8 
Unstruct-Ind Great 8 
Unstruct-Bal Great 8 
Mod-Struct-Ded Least 1 
Mod-Struct-lnd Least 1 
Mod-Struct-Bal Least 1 
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14. Satisfaction Levels of the Different Alternatives for the Constraint "FieldOfStudy" 
If the student's Field of Study is one of Physical Education and Health, Pharmacy, Business Administration, 
Nursing or Education, the different Satisfaction Levels are: 
Struct-Ded Great 8 
Struct-Ind Small 2 
Struct-Bal Moderate 5 
Unstruct-Ded Great 8 
Unstruct-Ind Small 2 
Unstruct-Bal Moderate 5 
Mod-Struct-Ded Great 8 
Mod-Struct-Ind Small 2 
Mod-Struct-Bal Moderate 5 
If the student's Field of Study is one of the Health related professions, Engineering, Agriculture or Biological 
Sciences, the different Satisfaction Levels are: 
' 
Struct-Ded Moderate 5 
Struct-Ind Moderate 5 
Struct-Bal Great 8 
Unstruct-Ded Moderate 5 
Unstruct-Ind Moderate 5 
Unstruct-Bal Great 8 
Mod-Struct-Ded Moderate 5 
Mod-Struct-Ind Moderate 5 
Mod-Struct-Bal Great 8 
If the student's Field of Study is one of Pre-Law, Pre-Medicine, Architecture and Fine Arts, Behavioral Science, 
Arts and Science, Journalism and Communication, Humanities, or Physical Science, the different Satisfaction 
Levels are: 
Struct-Ded Small 2 
Struct-Ind Great 8 
Struct-Bal Moderate 5 
Unstruct-Ded Small 2 
Unstruct-Ind Great 8 
Unstruct-Bal Moderate 5 
Mod-Struct-Ded Small 2 
Mod-Struct-Ind Great 8 
Mod-Struct-Bal Moderate 5 
B. Description of the Hypothetical Student 
Suppose one wants to determine an appropriate tutoring mode for a student who has very strong preferences for 
the structured presentation of learning material, for a deductive approach to learning, and for a sequential 
progression towards learning. Also suppose that the hypothetical student has a business administration 
background. 
Note: Although this is a fairly trivial example, it does illustrate the mechanisms of the decision method 
effectively. Much more complicated examples are indeed possible, but they are handled in exactly the 
same way. 
The next step is to determine a matrix of satisfaction levels for this specific student. 
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c. A Matrix of Satisfaction Levels 
7.00 6.00 8.00 6.00 6.00 4.00 9.00 1.00 1.00 9.00 1.00 9.00 1.00 8.00 1 
7.00 6.00 8.00 6.00 6.00 4.00 9.00 1.00 1.00 1.00 1.00 9.00 1.00 2.00 2 
7.00 6.00 8.00 6.00 6.00 4.00 9.00 1.00 1.00 1.00 6.00 9.00 1.00 5.00 3 
7.00 8.00 7.00 4.00 4.00 6.00 1.00 1.00 1.00 9.00 1.00 1.00 1.00 8.00 4 
7.00 8.00 7.00 4.00 4.00 6.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 5 
7.00 8.00 7.00 4.00 4.00 6.00 1.00 1.00 1.00 1.00 6.00 1.00 1.00 5.00 6 
8.00 7.00 7.00 5.00 5.00 5.00 1.00 1.00 1.00 9.00 1.00 1.00 7.00 8.00 7 
8.00 7.00 7.00 5.00 5.00 5.00 1.00 1.00 1.00 1.00 1.00 1.00 7.00 2.00 8 
8.00 7.00 7.00 5.00 5.00 5.00 1.00 1.00 1.00 1.00 6.00 1.00 7.00 5.00 9 
2 3 4 5 6 7 8 9 10 11 12 13 14 
10. Applying Saaty's Method 
Build Satisfaction Ranking Matrix Cl 
1.00 1.00 1.00 1.00 1.00 1.00 0.50 0.50 0.50 1 
1.00 1.00 1.00 1.00 1.00 1.00 0.50 0.50 0.50 2 
1.00 1.00 1.00 1.00 1.00 1.00 0.50 0.50 0.50 3 
1.00 1.00 1.00 1.00 1.00 1.00 0.50 0.50 0.50 4 
1.00 1.00 1.00 1.00 1.00 1.00 0.50 0.50 0.50 5 
1.00 1.00 1.00 1.00 1.00 1.00 0.50 0.50 0.50 6 
2.00 2.00 2.00 2.00 2.00 2.00 1.00 1.00 1.00 7 
2.00 2.00 2.00 2.00 2.00 2.00 1.00 1.00 1.00 8 
2.00 2.00 2.00 2.00 2.00 2.00 1.00 1.00 1.00 9 
1 2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix Cl 
flmax(l) = 9.000, and the corresponding eigenvector Vl is given by: 
[0.500 0.500 0.500 0.500 0.500 0.500 1.000 1.000 l.OOO]T 
Obtain the Unit Vector Vl' 
[0.083 0.083 0.083 0.083 0.083 0.083 0.167 0.167 0.167]T 
It provides a cardinal rating of the 9 alternatives for the goal"TLModel". 
Build Satisfaction Ranking Matrix C2 
1.00 1.00 1.00 0.33 0.33 0.33 0.50 0.50 0.50 1 
1.00 1.00 1.00 0.33 0.33 0.33 0.50 0.50 0.50 2 
1.00 1.00 1.00 0.33 0.33 0.33 0.50 0.50 0.50 3 
3.00 3.00 3.00 1.00 1.00 1.00 2.00 2.00 2.00 4 
3.00 3.00 3.00 1.00 1.00 1.00 2.00 2.00 2.00 5 
3.00 3.00 3.00 1.00 1.00 1.00 2.00 2.00 2.00 6 
2.00 2.00 2.00 0.50 0.50 0.50 1.00 1.00 1.00 7 
2.00 2.00 2.00 0.50 0.50 0.50 1.00 1.00 1.00 8 
2.00 2.00 2.00 0.50 0.50 0.50 1.00 1.00 1.00 9 
2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix C2 
flmax(2) = 9.028, and the corresponding eigenvector V2 is given by: 
[0.303 0.303 0.303 1.000 1.000 1.000 0.550 0.550 0.550]T 
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Obtain the Unit Vector V2' 
[0.054 0.054 0.054 0.180 0.180 0.180 0.099 0.099 0.099]T 
It provides a cardinal rating of the 9 alternatives for the goal "Extend". 
Build Satisfaction Ranking Matrix C3 
1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 
1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 2 
1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 3 
0.50 0.50 0.50 1.00 1.00 1.00 1.00 1.00 1.00 4 
0.50 0.50 0.50 1.00 1.00 1.00 1.00 1.00 1.00 5 
0.50 0.50 0.50 1.00 1.00 1.00 1.00 1.00 1.00 6 
0.50 0.50 0.50 1.00 1.00 1.00 1.00 1.00 1.00 7 
0.50 0.50 0.50 1.00 1.00 1.00 1.00 1.00 1.00 8 
0.50 0.50 0.50 1.00 1.00 1.00 1.00 1.00 1.00 9 
2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix C3 
flrnax(3) = 9.000, and the corresponding eigenvector V3 is given by: 
[1.000 1.000 1.000 0.500 0.500 0.500 0.500 0.500 0.500]T 
Obtain the Unit Vector V3' 
[0.167 0.167 0.167 0.083 0.083 0.083 0.083 0.083 0.083)T 
It provides a cardinal rating of the 9 alternatives for the goal "Friend". 
Build Satisfaction Ranking Matrix C4 
1.00 1.00 1.00 3.00 3.00 3.00 2.00 2.00 2.00 
1.00 1.00 1.00 3.00 3.00 3.00 2.00 2.00 2.00 
1.00 1.00 1.00 3.00 3.00 3.00 2.00 2.00 2.00 
0.33 0.33 0.33 1.00 1.00 1.00 0.50 0.50 0.50 
0.33 0.33 0.33 1.00 1.00 1.00 0.50 0.50 0.50 
0.33 0.33 0.33 1.00 1.00 1.00 0.50 0.50 0.50 
0.50 0.50 0.50 2.00 2.00 2.00 1.00 1.00 1.00 
0.50 0.50 0.50 2.00 2.00 2.00 1.00 1.00 1.00 
0.50 0.50 0.50 2.00 2.00 2.00 1.00 1.00 1.00 










Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix C4 
flrnax(4) = 9.028, and the corresponding eigenvector V4 is given by: 
[1.000 1.000 1.000 0.303 0.303 0.303 0.550 0.550 0.550]T 
Obtain the Unit Vector V4' 
[0.180 0.180 0.180 0.054 0.054 0.054 0.099 0.099 0.099]T 
It provides a cardinal rating of the 9 alternatives for the constraint "TurboTW". 
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v,,., 
Build Satisfaction Ranking Matrix CS 
1.00 1.00 1.00 3.00 3.00 3.00 2.00 2.00 2.00 1 
1.00 1.00 1.00 3.00 3.00 3.00 2.00 2.00 2.00 2 
1.00 1.00 1.00 3.00 3.00 3.00 2.00 2.00 2.00 3 
0.33 0.33 0.33 1.00 1.00 1.00 0.50 0.50 0.50 4 
0.33 0.33 0.33 1.00 1.00 1.00 0.50 0.50 0.50 5 
0.33 0.33 0.33 1.00 1.00 1.00 0.50 0.50 0.50 6 
0.50 0.50 0.50 2.00 2.00 2.00 1.00 1.00 1.00 7 
0.50 0.50 0.50 2.00 2.00 2.00 1.00 1.00 1.00 8 
0.50 0.50 0.50 2.00 2.00 2.00 1.00 1.00 1.00 9 
1 2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix CS 
Jlmax(5) = 9.028, and the corresponding eigenvector VS is given by: 
[1.000 1.000 1.000 0.303 0.303 0.303 0.550 0.550 0.550]T 
Obtain the Unit Vector VS' 
[0.180 0.180 0.180 0.054 0.054 0.054 0.099 0.099 0.099]T 
It provides a cardinal rating of the 9 alternatives for the constraint "DosEnv". 
Build Satisfaction Ranking Matrix C6 
1.00 1.00 1.00 0.33 0.33 0.33 0.50 0.50 0.50 1 
1.00 1.00 1.00 0.33 0.33 0.33 0.50 0.50 0.50 2 
1.00 1.00 1.00 0.33 0.33 0.33 0.50 0.50 0.50 3 
3.00 3.00 3.00 1.00 1.00 1.00 2.00 2.00 2.00 4 
3.00 3.00 3.00 1.00 1.00 1.00 2.00 2.00 2.00 5 
3.00 3.00 3.00 1.00 1.00 1.00 2.00 2.00 2.00 6 
2.00 2.00 2.00 0.50 0.50 0.50 1.00 1.00 1.00 7 
2.00 2.00 2.00 0.50 0.50 0.50 1.00 1.00 1.00 8 
2.00 2.00 2.00 0.50 0.50 0.50 1.00 1.00 1.00 9 
2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix C6 
Jlrnax(6) = 9.028, and the corresponding eigenvector V6 is given by: 
[0.303 o.303 o.303 1.ooo 1.000 1.000 o.55o 0.550 o.55o]T 
Obtain the Unit Vector V6' 
[0.054 0.054 0.054 0.180 0.180 0.180 0.099 0.099 0.099]T 
It provides a cardinal rating of the 9 alternatives for the constraint "One Team" . 
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Build Satisfaction Ranking Matrix C7 
1.00 1.00 1.00 9.00 9.00 9.00 9.00 9.00 9.00 1 
1.00 1.00 1.00 9.00 9.00 9.00 9.00 9.00 9.00 2 
1.00 1.00 1.00 9.00 9.00 9.00 9.00 9.00 9.00 3 
0.11 0.11 0.11 1.00 1.00 1.00 1.00 1.00 1.00 4 
0.11 0. 11 0.11 1.00 1.00 1.00 1.00 1.00 1.00 5 
0.11 0. 11 0. 11 1.00 1.00 1.00 1.00 1.00 1.00 6 
0.11 0. 11 0.11 1.00 1.00 1.00 1.00 1.00 1.00 7 
0.11 0.11 0. 11 1.00 1.00 1.00 1.00 1.00 1.00 8 
0.11 0.11 0.11 1.00 1.00 1.00 1.00 1.00 1.00 9 
2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix C7 
Jlmax(7) = 9.000, and the corresponding eigenvector V7 is given by: 
[1.000 1.000 1.000 0.111 0.111 0.111 0.111 0.111 0.111]T 
Obtain the Unit Vector V7' 
[0.273 0.273 0.273 0.030 0.030 0.030 0.030 0.030 0.030]T 
It provides a cardinal rating of the 9 alternatives for the constraint "Struct". 
Build Satisfaction Ranking Matrix C8 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 3 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 4 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 5 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 6 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 8 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 9 
1 2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix C8 
JlmaxC8) = 9.000, and the corresponding eigenvector V8 is given by: 
[1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 l.OOO]T 
Obtain the Unit Vector V8' 
[0.111 0.1110.1110.1110.1110.1110.1110.111 0.111]T 
It provides a cardinal rating of the 9 alternatives for the constraint "Unstruct" . 
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Build Satisfaction Ranking Matrix C9 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 3 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 4 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 5 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 6 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 8 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 9 
1 2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix C9 
flmax(9) = 9 .000, and the corresponding eigenvector V9 is given by: 
[1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 l.OOO]T 
Obtain the Unit Vector V9' 
(0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111]T 
It provides a cardinal rating of the 9 alternatives for the constraint "ModStruct". 
Build Satisfaction Ranking Matrix ClO 
1.00 9.00 9.00 1.00 9.00 9.00 1.00 9.00 9.00 1 
0.11 1.00 1.00 0.11 1.00 1.00 0.11 1.00 1.00 2 
0.11 1.00 1.00 0.11 1.00 1.00 0.11 1.00 1.00 3 
1.00 9.00 9.00 1.00 9.00 9.00 1.00 9.00 9.00 4 
0.11 1.00 1.00 0.11 1.00 1.00 0.11 1.00 1.00 5 
0.11 1.00 1.00 0.11 1.00 1.00 0.11 1.00 1.00 6 
1.00 9.00 9.00 1.00 9.00 9.00 1.00 9.00 9.00 7 
0.11 1.00 1.00 0.11 1.00 1.00 0.11 1.00 1.00 8 
0.11 1.00 1.00 0.11 1.00 1.00 0.11 1.00 1.00 9 
2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix ClO 
flmax(lO) = 9.000, and the corresponding eigenvector VlO is given by: 
(1.000 0 .111 0.111 1.000 0.111 0.111 1.000 0.111 0.111]T 
Obtain the Unit Vector VlO' 
[0.273 0 .030 0.030 0 .273 0.030 0 .030 0.273 0.030 0.030]T 
It provides a cardinal rating of the 9 alternatives for the constraint "Deductive". 
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Build Satisfaction Ranking Matrix Cll 
1.00 1.00 0.17 1.00 1.00 0.17 1.00 1.00 0.17 
1.00 1.00 0.17 1.00 1.00 0.17 1.00 1.00 0.17 2 
6.00 6.00 1.00 6.00 6.00 1.00 6.00 6.00 1.00 3 
1.00 1.00 0.17 1.00 1.00 0.17 1.00 1.00 0.17 4 
1.00 1.00 0.17 1.00 1.00 0.17 1.00 1.00 0.17 5 
6.00 6.00 1.00 6.00 6.00 1.00 6.00 6.00 1.00 6 
1.00 1.00 0.17 1.00 1.00 0.17 1.00 1.00 0.17 7 
1.00 1.00 0.17 1.00 1.00 0.17 1.00 1.00 0.17 8 
6.00 6.00 1.00 6.00 6.00 1.00 6.00 6.00 1.00 9 
2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix Cll 
Jlmax(11) = 9.000, and the corresponding eigenvector Vll is given by: 
[0.167 0.167 1.000 0.167 0.167 1.000 0.167 0.167 l.OOO]T 
Obtain the Unit Vector Vll' 
[0.042 0.042 0.250 0.042 0.042 0.250 0.042 0.042 0.250]T 
It provides a cardinal rating of the 9 alternatives for the constraint "Inductive". 
Build Satisfaction Ranking Matrix C12 
1.00 1.00 1.00 9.00 9.00 9.00 9.00 9.00 9.00 1 
1.00 1.00 1.00 9.00 9.00 9.00 9.00 9.00 9.00 2 
1.00 1.00 1.00 9.00 9.00 9.00 9.00 9.00 9.00 3 
0.11 0.11 0.11 1.00 1.00 1.00 1.00 1.00 1.00 4 
0.11 0.11 0.11 1.00 1.00 1.00 1.00 1.00 1.00 5 
0.11 0.11 0.11 1.00 1.00 1.00 1.00 1.00 1.00 6 
0.11 0.11 0.11 1.00 1.00 1.00 1.00 1.00 1.00 7 
0.11 0.11 0.11 1.00 1.00 1.00 1.00 1.00 1.00 8 
0.11 0.11 0.11 1.00 1.00 1.00 1.00 1.00 1.00 9 
1 2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix C12 
Jlmax(l2) = 9.000, and the corresponding eigenvector V12 is given by: 
[1.000 1.000 1.000 0.111 0.111 0.111 0.111 0.111 0.111]T 
Obtain the Unit Vector V12' 
[0.273 0.273 0.273 0.030 0.030 0.030 0.030 0.030 0.030]T 
It provides a cardinal rating of the 9 alternatives for the constraint "Sequential". 
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Build Satisfaction Ranking Matrix C13 
1.00 1.00 1.00 1.00 1.00 1.00 0.14 0.14 0.14 
1.00 1.00 1.00 1.00 1.00 1.00 0.14 0.14 0.14 2 
1.00 1.00 1.00 1.00 1.00 1.00 0.14 0.14 0.14 3 
1.00 1.00 1.00 1.00 1.00 1.00 0.14 0.14 0.14 4 
1.00 1.00 1.00 1.00 1.00 1.00 0.14 0.14 0.14 5 
1.00 1.00 1.00 1.00 1.00 1.00 0.14 0.14 0.14 6 
7.00 7.00 7.00 7.00 7.00 7.00 1.00 1.00 1.00 7 
7.00 7.00 7.00 7.00 7.00 7.00 1.00 1.00 1.00 8 
7.00 7.00 7.00 7.00 7.00 7.00 1.00 1.00 1.00 9 
2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix C13 
llmax(l3) = 9.000, and the corresponding eigenvector V13 is given by: 
[0.143 0.143 0.143 0.143 0.143 0.143 1.000 1.000 l.OOO]T 
Obtain the Unit Vector V13' 
[0.037 0.037 0.037 0.037 0.037 0.037 0.259 0.259 0.259]T 
It provides a cardinal rating of the 9 alternatives for the constraint "Global". 
Build Satisfaction Ranking Matrix C14 
1.00 7.00 4.00 1.00 7.00 4.00 1.00 7.00 4.00 1 
0.14 1.00 0.25 0.14 1.00 0.25 0.14 1.00 0.25 2 
0.25 4.00 1.00 0.25 4.00 1.00 0.25 4.00 1.00 3 
1.00 7.00 4.00 1.00 7.00 4.00 1.00 7.00 4.00 4 
0.14 1.00 0.25 0.14 1.00 0.25 0.14 1.00 0.25 5 
0.25 4.00 1.00 0.25 4.00 1.00 0.25 4.00 1.00 6 
1.00 7.00 4.00 1.00 7.00 4.00 1.00 7.00 4.00 7 
0.14 1.00 0.25 0.14 1.00 0.25 0.14 1.00 0.25 8 
0.25 4.00 1.00 0.25 4.00 1.00 0.25 4.00 1.00 9 
1 2 3 4 5 6 7 8 9 
Solve the Eigenvalue I Eigenvector Problem That is Associated with Satisfaction Ranking Matrix C14 
llmax(14) = 9.229, and the corresponding eigenvector V14 is given by: 
[1.000 0.108 0.329 1.000 0.108 0.329 1.000 0.108 0.329]T 
Obtain the Unit Vector V14' 
[0.232 0.025 0.076 0.232 0.025 0.076 0.232 0.025 0.076]T 
It provides a cardinal rating of the 9 alternatives for the constraint "FieldOfStudy". 
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11. Construct a Satisfaction Matrix S 
Use the 14 unit vectors Vi, i = 1 ,2, ... 14, as the colurrms of this 9x 14 matrix. The elements of S are then fuzzy 
values indicating how well the associated alternative satisfy a specific goal or constraint. For this example, S 
looks like this : 
.083 .054 .167 .180 .1 80 .054 .273 .Ill .Ill .273 .042 .273 .037 .232 
.083 .054 .167 .180 .180 .054 .273 .Ill .Ill .030 .042 .273 .037 .025 2 
.083 .054 .167 .180 .180 .054 .273 .Ill .Ill .030 .250 .273 .037 .076 3 
.083 .180 .083 .054 .054 .180 .030 .Ill .Ill .273 .042 .030 .037 .232 4 
.083 .180 .083 .054 .054 .180 .030 .Ill .Ill .030 .042 .030 .037 .025 5 
.083 .180 .083 .054 .054 .180 .030 .Ill .Ill .030 .250 .030 .037 .076 6 
.167 .099 .083 .099 .099 .099 .030 .Ill .Ill .273 .042 .030 .259 .232 7 
.167 .099 .083 .099 .099 .099 .030 .Ill .Ill .030 .042 .030 .259 .025 8 
.167 .099 .083 .099 .099 .099 .030 .Ill .Ill .030 .250 .030 .259 .076 9 
2 3 4 5 6 7 8 9 10 11 12 13 14 
12. Incorporate the Exponential Weights 
Now use the exponential weights represented by vector E = [a 1 a2 ··· a14lT 
([2.586 0.212 1.048 0.412 0.412 0.212 1.698 1.698 1.698 0 .642 0.642 1.048 1.048 0.642]T) 
to raise the 14 fuzzy sets associated with the colurrms ofS to the power a1 , a2, and a14, respectively. 
The vector E is actually used to scale the component factors for the decision process. 
The resulting matrix S' is given by: 
.002 .540 .153 .493 .493 .540 .I 10 .024 .024 .434 .130 .256 .032 .391 1 
.002 .540 .153 .493 .493 .540 .110 .024 .024 .106 .130 .256 .032 .094 2 
.002 .540 .153 .493 .493 .540 .110 .024 .024 .106 .411 .256 .032 .192 3 
.002 .696 .074 .301 .301 .696 .003 .024 .024 .434 .130 .026 .032 .391 4 
.002 .696 .074 .301 .301 .696 .003 .024 .024 .106 .130 .026 .032 .094 5 
.002 .696 .074 .3 01 .301 .696 .003 .024 .024 .106 .411 .026 .032 .192 6 
.010 .613 .074 .385 .385 .613 .003 .024 .024 .434 .130 .026 .243 .391 7 
.010 .613 .074 .385 .3 85 .6 13 .003 .024 .024 .106 .130 .026 .243 .094 8 
.010 .613 .074 .385 .385 .613 .003 .024 .024 .106 .411 .026 .243 .192 9 
2 3 4 5 6 7 8 9 10 11 12 13 14 
13. Determine the 9 Decision Factors 
Determine 9 decision factors by applying the ME-OW A aggregation technique to matrix S'. I shalll use Q = 0.7 
(Q measures the degree of OR-ness) in the calculations) . 
For Q = 0.7 the ME-OW A weight vector is given by 
[0.176 0.148 0.124 0.104 0 .087 0 .073 0.061 0.052 0 .043 0 .036 0 .030 0.026 0.021 0 .018]T 
Decision Factor 1 
The decision factor corresponding to alternative Struct-Ded is calculated by multiplying the ME-OW A weight 
vector 
[0.176 0.148 0.124 0.104 0 .087 0.073 0.061 0.052 0.043 0.036 0.030 0 .026 0.021 0.018]T 
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with an ordered row 1 of Matrix S' 
[0.540 o.540 0.493 0.493 o.434 o.391 0.256 o.153. 0.130 o.uo o.o32 o.024 o.o24 o.oo2]T. 
This calculation yields a value of0.389. 
Decision Factor 2 
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The decision factor corresponding to alternative Struct-Ind is calculated by multiplying the ME-OW A weight 
vector 
[0.176 0.148 0.124 0.104 0.087 0.073 0.061 0.052 0.043 0.036 0.030 0.026 0.021 0.018]T 
with an ordered row 2 of Matrix S' 
[0.540 0.540 0.493 0.493 0.256 0.153 0.130 0.110 0.106 0.094 0.032 0.024 0.024 0.002]T. 
This calculation yields a value of 0.345. 
Decision Factor 3 
The decision factor corresponding to alternative Struct-Bal is calculated by multiplying the ME-OW A weight 
vector 
[0.176 0.148 0.124 0.104 0.087 0.073 0.061 0.052 0.043 0.036 0.030 0.026 0.021 0.018]T. 
with an ordered row 3 of Matrix S' 
[0.540 0.540 0.493 0.493 0.411 0.256 0.192 0.153 0.110 0.106 0.032 0.024 0.024 0.002]T. 
This calculation yields a value of0.372. 
Decision Factor 4 
The decision factor corresponding to alternative Unstruct-Ded is calculated by multiplying the ME-OWA 
weight vector 
[0.176 0.148 0.124 0.104 0.087 0.073 0.061 0.052 0.043 0.036 0.030 0.026 0.021 0.018]T. 
with an ordered row 4 of Matrix S' 
[0.696 0.696 0.434 0.391 0.301 0.301 0.130 0.074 0.032 0.026 0.024 0.024 0.003 0.002]T. 
This calculation yields a value of 0.384. 
Decision Factor 5 
The decision factor corresponding to alternative Unstruct-Ind is calculated by multiplying the ME-OW A weight 
vector 
[0.176 0.148 0.124 0.104 0.087 0.073 0.061 0.052 0.043 0.036 0.030 0.026 0.021 0.018]T. 
with an ordered row 5 of Matrix S' 
[0.696 0.696 0.301 0.301 0.130 0.106 0.094 0.074 0.032 0.026 0.024 0.024 0.003 0.002]T. 
This calculation yields a value of 0.326. 
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Decision Factor 6 
The decision factor corresponding to alternative Unstruct-Bal is calculated by multiplying the ME-OW A weight 
vector 
[0.176 0.148 0.124 0.104 0.087 0.073 0.061 0.052 0.043 0.036 0.030 0.026 0.021 0.018)T. 
with an ordered row 6 of Matrix S' 
[0.696 0.696 0.411 0.301 0.301 0.192 0.106 0.074 0.032 0.026 0.024 0.024 0.003 0.002)T. 
This calculation yields a value of0.362. 
Decision Factor 7 
The decision factor corresponding to alternative Mod-Struct-Ded is calculated by multiplying the ME-OW A 
weight vector 
[0.176 0.148 0.124 0.104 0.087 0.073 0.061 0.052 0.043 0.036 0.030 0.026 0.021 0.018]T. 
with an ordered row 7 of Matrix S' 
[0.613 0.613 0.434 0.391 0.385 0.385 0.243 0.130 0.074 0.026 0.024 0.024 0.010 0.003]T. 
This calculation yields a value of0.382. 
Decision Factor 8 
The decision factor corresponding to alternative Mod-Struct-Ind is calculated by multiplying the ME-OW A 
weight vector 
[0.176 0.148 0.124 0.104 0.087 0.073 0.061 0.052 0.043 0.036 0.030 0.026 0.021 0.018)T. 
with an ordered row 8 of Matrix S' 
[0.613 0.613 0.385 0.385 0.243 0.130 0.106 0.094 0.074 0.026 0.024 0.024 0.010 0.003)T. 
This calculation yields a value of0.334. 
Decision Factor 9 
The decision factor corresponding to alternative Mod-Struct-Bal is calculated by multiplying the ME-OW A 
weight vector 
[0.176 0.148 0.124 0.104 0.087 0.073 0.061 0.052 0.043 0.036 0.030 0.026 0.021 0.018)T. 
with an ordered row 9 of Matrix S' 
[0.613 0.613 0.411 0.385 0.385 0.243 0.192 0.106 0.074 0.026 0.024 0.024 0.010 0.003)T. 
This calculation yields a value of0.364. 
14. Select the Optimal Decision 
The alternative with the highest decision factor is the optimal one. Therefore, for my hypothetical student, the 
system will utilize alternative Struct-Ded to conduct the tutoring. 
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Appendix 12 
Thinking Style Inventories 
Inventories, Characteristics, Methods of Assessment and Assignment 
1. Inventories for Sternberg's Theory of Mental Self-Government 
1.1. Sternberg-Wagner Self-Assessment Inventories 
Instructions 
Below you will find 8 items listed underneath each of Sternberg's 13 thinking styles. In each case read the 
statement and then rate yourself on a 1-7 scale, where the rating corresponds to how well a statement describes 
you, with a rating of 1 equal to Not at all well; a rating of 2 equal to Not very well; a rating of 3 equal to Slightly 
well; a rating of 4 equal to Somewhat well; a rating of 5 equal to Well; a rating of 6 equal to Very well; and a 
rating of 7 equal to Extremely well. 
Items for the Legislative Thinking Style Inventory 
1. When making decisions, I tend to rely on my own ideas and ways of doing things. 
2. When faced with a problem, I use my own ideas and strategies to solve it. 
3. I like to play with my ideas and see how far they go. 
4. I like problems where I can try my own way of solving them. 
5. When working on a task, I like to start with my own ideas. 
6. Before starting a task, I like to figure out for myself how I will do my work. 
7. I feel happier about a job when I can decide for myself what and how to do it. 
8. I like situations where I can use my own ideas and ways of doing things. 
Items for the Executive Thinking Style Inventory 
1. When discussing or writing down ideas, I follow formal rules of presentation. 
2. I am careful to use the proper method to solve any problem. 
3. I like projects that have a clear structure and a set plan and goal. 
4. Before starting a task or project, I check to see what method or procedure should be used. 
5. I like situations in which my role or the way I participate is clearly defmed. 
6. I like to figure out how to solve a problem following certain rules. 
7. I enjoy working on things that I can do by following directions. 
8. I like to follow definite rules or directions when solving a problem or doing a task. 
Items for the Judicial Thinking Style Inventory 
1. When discussing or writing down ideas, I like criticizing others' ways of doing things. 
2. When faced with opposing ideas, I like to decide which is the right way to do something. 
3. I like to check and rate opposing points of view or conflicting ideas. 
4. I like projects where I can study and rate different views and ideas. 
5. I prefer tasks or problems where I can grade the design or methods of others. 
6. When making a decision, I like to compare the opposing points of view. 
7. I like situations where I can compare and rate different ways of doing things. 
8. I enjoy work that involves analyzing, grading or comparing things. 
Items for the Monarchic Thinking Style Inventory 
1. When talking or writing about ideas, I stick to one main idea. 
2. I like to deal with major issues or themes, rather than details or facts . 
3. When trying to finish a task, I tend to ignore problems that come up. 
4. I use any means to reach my goal. 
5. When trying to make a decision, I tend to see only one major factor. 
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6. If there are several important things to do, I do the one most important to me. 
7. I like to concentrate on one task at a time. . 
8. I have to finish one project before starting another one. 
Items for the Hierarchic Thinking Style Inventory 
1. I like to set priorities for the things I need to do before I start doing them. 
2. In talking or writing down ideas, I like to have the issues organized in order of importance. 
3. Before starting a project, I like to know the things I have to do and in what order. 
4. In dealing with difficulties, I have a good sense of how important each of them is and what order to 
tackle them in. 
5. When there are many things to do, I have a clear sense of the order in which to do them. 
6. When starting something, I like to make a list of things to do and to order the things by importance. 
7. When working on a task, I can see how the parts relate to the overall goal of the task. 
8. When discussing or writing down ideas I stress the main idea and how everything fits together. 
Items for the Oligarchic Thinking Style Inventory 
1. When I undertake some task, I am usually equally open to starting by working on any of several things. 
2. When there are competing issues of importance to address in my work, I somehow try to address them 
simultaneously. 
3. Usually when I have many things to do, I split my time and attention equally among them. 
4. I try to have several things going at once, so that I can shift back and forth between them. 
5. Usually I do several things at once. 
6. I sometimes have trouble setting priorities for multiple things that I need to get done. 
7. I usually know what things need to be done, but I sometimes have trouble deciding in what order to do 
them. 
8. Usually when working on a project, I tend to view almost all aspects of it as equally important. 
Items for the Anarchic Thinking Style Inventory 
1. When I have many things to do, I do whatever occurs to me first. 
2. I can switch from one task to another easily, because all tasks seem to me to be equally important. 
3. I like to tackle all kinds of problems, even seemingly trivial ones. 
4. When discussing or writing down ideas, I use whatever comes to mind. 
5. I find that solving one problem usually leads to many other ones, that are just as important. 
6. When trying to make a decision, I try to take all points of view into account. 
7. When there are many important things to do, I try to do as many as I can in whatever time I have. 
8. When I start on a task, I like to consider all possible ways of doing it, even the most ridiculous. 
Items for the Global Thinking Style Inventory 
1. I like situations or tasks in which I am not concerned with details. 
2. I care more about the general effect than about the details of a task I have to do. 
3. In doing a task, I like to see how what I do fits into the general picture. 
4. I tend to emphasize the general aspect of issues or the overall effect of a project. 
5. I like situations where I can focus on general issues, rather than on specifics. 
6. In talking or writing down ideas, I like to show the scope and context of my ideas, that is the general 
picture. 
7. I tend to pay little attention to details. 
8. I like working on projects that deal with general issues and not with nitty-gritty details. 
Items for the Local Thinking Style Inventory 
1. I prefer to deal with specific problems rather than with general questions. 
2. I prefer tasks dealing with a single, concrete problem, rather than general or multiple ones. 
3. I tend to break down a problem into many smaller ones that I can solve, without looking at the problem 
as a whole. 
4. I like to collect detailed or specific information for projects I work on. 
5. I like problems where I need to pay attention to detail. 
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6. I pay more attention to the parts of a task than to its overall effect or significance. 
7. In discussing or writing on a topic, I think ~he details and facts are more important than the overall 
picture. 
8. I like to memorize facts and bits of information without any particular content. 
Items for the Internal Thinking Style Inventory 
1. I like to control all phases of a project, without having to consult others. 
2. When trying to make a decision, I rely on my own judgement of the situation. 
3. I prefer situations where I can carry out my own ideas, without relying on others. 
4. When discussing or writing down ideas, I only like to use my own ideas. 
5. I like projects that I can complete independently. 
6. I prefer to read reports for information I need, rather than ask others for it. 
7. When faced with a problem, I like to work it out by myself. 
8. I like to work alone on a task or problem. 
Items for the External Thinking Style Inventory 
1. When starting a task, I like to brainstorm ideas with friends or peers. 
2. Ifl need more information, I prefer to talk about it with others rather than to read reports on it. 
3. I like to participate in activities where I can interact with others as a part of a team. 
4. I like projects in which I can work together with others. 
5. I like situations where I interact with others and everyone works together. 
6. In a discussion or report, I like to combine my own ideas with those of others. 
7. When working on a project, I like to share ideas and get input from other people. 
8. When making a decision, I try to take the opinions of others into account. 
Items for the Liberal Thinking Style Inventory 
1. I enjoy working on projects that allow me to try novel ways of doing things. 
2. I like situations where I can try new ways of doing things. 
3. I like to change routines in order to improve the way tasks are done. 
4. I like to challenge old ideas or ways of doing things and to seek better ones. 
5. When faced with a problem, I prefer to try new strategies or methods to solve it. 
6. I like projects that allow me to look at a situation from a new perspective. 
7. I like to find old problems and find new methods to solve them. 
8. I like to do things in new ways not used by others in the past. 
Items for the Conservative Thinking Style Inventory 
1. I like to do things in ways that have been used in the past. 
2. When I'm in charge of something, I like to follow methods and ideas used in the past. 
3. I like tasks and problems that have fixed rules to follow in order to complete them. 
4. I dislike problems that arise when doing something in the usual, customary way. 
5. I stick to standard rules or ways of doing things . 
6. I like situations where I can follow a set routine. 
7. When faced with a problem, I like to solve it in a traditional way. 
8. I like situations where the role I play is a traditional one. 
1.2. Interpreting Your Scores 
The way you evaluate your score is to add up the eight numbers you wrote down when taking each of the 
Sternberg-Wagner Self-Assessment Inventories. You then divide the total of each by 8. Carry out the division 
to one decimal place. You now should have 13 numbers between 1.0 and 7.0. There are six categories of 
scores, which depend on your status and your sex. Tables of scores and categories were computed for each 
inventory. They are listed in Sternberg(1997), and are not repeated here. You now look up your score for each 
inventory in these tables. 
If you scored in the "very high" category, then you have all or almost all of the characteristics of a person with 
the style that is determined by the specific inventory. If you scored in the "high" category, you have many of 
Stellenbosch University  https://scholar.sun.ac.za
513 
these characteristics. And if you scored in the "high moddle" category, then you have at least some of the 
characteristics. If you scored in the bottom three categories ("low middle", "low" and "very low"), then the 
specific thinking style is not one of your preferred styies. 
2. More Information on Sternberg's 13 Thinking Styles 
2.1. The Legislative Thinking Style 
Short Description, Preferred Kinds of Activities, Preferred Occupations, Likes and Dislikes, Reward 
Systems in Schools 
2.1.1. Short Description 
Legislative people like to come up with their own ways of doing things, and prefer to decide for themselves 
what they will do and how they will do it. Legislative people like to create their own rules, and prefer problems 
that are not prestructured or prefabricated. 
2.1.2. Preferred Kinds of Activities 
Writing creative papers 
Designing innovative projects 
Creating new business or educational systems 
Inventing new things 

















Advertising creative copywriter 
2.1.4. Likes and Dislikes of Legislative-Creators 
Likes in School 
1. Writing creative essays. 
2. Writing short stories. 
3. Writing poems. 
4. Writing alternative endings to existing stories. 
5. Inventing math problems. 
6. Designing science projects. 
7. Writing about possible future events. 
8. Putting self in the position of a famous historical personage. 
9. Drawing an original work of art of one's own choice. 
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Dislikes in School 
1. Writing essays that recite facts or a teachers point of view. 
2. Summarizing short stories of others. 
3. Memorizing poems. 
4. Remembering the individual events in existing stories. 
5. Solving math problems in books. 
6. Doing science experiments where the steps are prepackaged. 
7. Recounting past events. 
8. Remembering the birth and death dates of a famous historical personage. 
9. Drawing one's house or car or whatever one is told to draw. 
Likes on the Job 
1. Deciding on what work to do. 
2. Giving orders. 
3. Deciding on company policy. 
4. Designing systems for getting work done. 
5. Deciding whom to hire. 
Dislikes on the Job 
1. Being told what work to do. 
2. Receiving orders. 
3. Being told to follow company policy. 
4. Implementing preexisting systems for getting work done. 
5. Orienting hired people according to company policy. 
Likes at Home 
1. Deciding what kind of food to eat and where to eat. 
2. Deciding where to go Saturday night. 
3. Deciding whom to invite to a party. 
4. Deciding on limits for the kids. 
5. Plotting the route for the family vacation. 
Dislikes at Home 
1. Carrying out the already decided-on eating arrangements. 
2. Arranging to get to the place where your partner has decided to go Saturday night. 
3. Preparing and sending the party invitations. 
4. Enforcing the limits for the kids. 
5. Getting the family to the vacation destination in one piece. 
2.1.5. The Legislative Style and the Reward System in Schools 
The legislative style is particularly conducive to creativity, because creative people need not only the ability to 
come up with new ideas, but also the desire to. Unfortunately, school environments do not often reward the 
legislative style. Even the training for occupations that require people to be creative often discourages the 
legislative style. A person may, for example, find him- or herself in a science course required to memorize 
facts, formulas and charts. Yet scientists almost never have to memorize anything. If they do not remember 
something, they look it up on their bookshelf. 
Another example: Creative writers also need a legislative style, but a legislative style is not often encouraged, 
and is often discouraged in literature classes, where the emphasis in the lower grades is likely to be on 
comprehension and in the upper grades on criticism and analysis . 
A gifted child with a legislative style is likely to be viewed in school as nonconforming and even rebellious. 
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2.2. The Executive Thinking Style 
Short Description, Preferred Kinds of Activities, Preferred Occupations, Likes and Dislikes, Reward 
Systems in Schools 
2.2.1. Short Description 
Executive people like to follow rules and prefer problems that are prestructured and prefabricated. They like to 
fill in the gaps in existing structures rather than to create the structures themselves. 
2.2.2. Preferred Kinds of Activities 
Solving given mathematical problems 
Applying rules to problems 
Giving talks or lessons based on other people's ideas 
Enforcing rules 
2.2.3. Preferred Occupations 
Certain types of lawyer 
Certain types of medical doctor 
Police officer on control 




Proselytizer for other people's systems 
Administrative assistant, administrator 
Teacher 
Applied researcher who is given problems by management to work on 
2.2.4. Likes and Dislikes of Executive People 
Likes in School 
I. Writing essays that recite facts or a teachers point of view. 
2. Summarizing short stories of others. 
3. Memorizing poems. 
4. Remembering the individual events in existing stories. 
5. Solving math problems in books. 
6. Doing science experiments where the steps are prepackaged. 
7. Recounting past events. 
8. Remembering the birth and death dates of a famous historical personage. 
9. Drawing one's house or car or whatever one is told to draw. 
Dislikes in School 
I . Writing creative essays. 
2. Writing short stories. 
3. Writing poems. 
4. Writing alternative endings to existing stories. 
5. Inventing math problems. 
6. Designing science projects. 
7. Writing about possible future events. 
8. Putting self in the position of a famous historical personage. 
9. Drawing an original work of art of one's own choice. 
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Likes on the Job 
1. Being told what work to do. 
2. Receiving orders. 
3. Being told to follow company policy. 
4. Implementing preexisting systems for getting work done. 
5. Orienting hired people according to company policy. 
Dislikes on the Job 
1. Deciding on what work to do. 
2. Giving orders. 
3. Deciding on company policy. 
4. Designing systems for getting work done. 
5. Deciding whom to hire. 
Likes at Home 
1. Carrying out the already decided-on eating arrangements. 
2. Arranging to get to the place where your partner has decided to go Saturday night. 
3. Preparing and sending the party invitations. 
4. Enforcing the limits for the kids. 
5. Getting the family to the vacation destination in one piece. 
Dislikes at Home 
1. Deciding what kind of food to eat and where to eat. 
2. Deciding where to go Saturday night. 
3. Deciding whom to invite to a party. 
4. Deciding on limits for the kids. 
5. Plotting the route for the family vacation. 
2.2.5. The Executive Style and the Reward System in Schools 
The executive style tends to be valued both in school and in business, because executive stylists do what they 
are told, and often do it cheerfully. They follow directions and orders, and evaluate themselves in the same way 
the system is likely to evaluate them, namely, in terms of how well they do what they are told. A gifted child 
with an executive style is likely to do well in school. A gifted child with a legislative style, on the other hand, is 
more likely to be viewed as nonconforming and even rebellious. 
Peer-group pressure also encourages children to adopt an executive style, but with respect to he norms of the 
peer group rather than that of the school. Pressure from many sources can therefore lead students to adopt this 
style. 
2.3. The Judicial Thinking Style 
Short Description, Preferred Kinds of Activities, Preferred Occupations, Likes and Dislikes, Reward 
System in Schools 
2.3.1. Short Description 
Judicial people like to evaluate roles and procedures, and prefer problems in which one analyzes and evaluates 
existing things and ideas. 
2.3.2. Preferred Kinds of Activities 
Writing critiques 
Giving opinions 
Judging people and their work 
Evaluating programs 
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Grant or contract monitor 
Systems analyst 
2.3.4. Likes and Dislikes of Judicial-Evaluators 
Likes in School 
1. Comparing and contrasting literary characters. 
2. Analyzing the plot or themes of a story. 
3. Evaluate what is right and wrong with a scientific theory or experiment. 
4. Correcting other people's work. 
5. Analyzing the reasons that a war started. 
6. Evaluating the strategy of a competing sport team. 
7. Analyzing the meaning of a work of fme art. 
8. Finding what's wrong with a mathematical proof. 
Dislikes in School 
1. Remembering which literary character did what, when. 
2. Writing a story from scratch. 
3. Formulating a scientific theory of experiment. 
4. Receiving an evaluation from a teacher with no reasons given for the evaluation. 
5. Memorizing the dates of wars. 
6. Following a coach directions without understanding why they were given. 
7. Creating an original work of art. 
8. Memorizing a mathematical proof. 
Likes at Work 
1. Evaluating a business plan. 
2. Judging the quality of a subordinate's work. 
3. Analyzing the strengths and weaknesses of an advertising campaign. 
4. Deciding how funds should be rationally allocated. 
5. Interviewing job candidates. 
6. Comparing two contract proposals for their value to the company. 
7. Deciding how a subordinate's memorandum should be revised. 
Dislikes at Work 
1. Being present with a business plan to be implemented. 
2. Being assigned to help weaker subordinates. 
3. Creating an advertising campaign. 
4. Being told how funds will be allocated in your unit. 
5. Being forced to hire a designated job candidate. 
6. Writing a contract proposal. 
7. Writing a memorandum that expresses someone else's evaluation of a situation. 
2.3.5. The Judicial Style and the Reward System in Schools 
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Schools often shortchange the judicial style. Although the work of a historian, for example, is in large part 
judicial - the analysis of historical events - many children get the idea that the work is largely executive -
remembering dates of events. As in science and the legislative style, therefore, some of the ablest students may 
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decide to pursue some other field even though their style of thinking may be well suited not to their preparation 
for the career, but to the actual career itself. 
An example from the business world will help to further explain this mismatch. In many businesses, including 
schools, lower-level managers are sought who have a largely executive style. They do what they are told, and 
try to do it well. People with such a style are often promoted into the higher levels of management. The 
problem is that in the higher levels, a more legislative or judicial style also becomes desirable. But many of the 
people with a more legislative or judicial style may well have been derailed early in their management careers, 
so that they never get to the higher levels of management. People may be promoted to higher positions for 
which their styles are not suited. This may well be the case with some school administrators who are reluctant 
to accept change. They got to where they are because they did what they were told to do, not because they liked 
to decide what to do in the first place. 
2.4. The Monarchic Thinking Style 
2.4.1. Description 
A monarchic person is someone who is single-minded and driven. The individual tends not to let anything get 
in the way of his or her solving a problem. Monarchic people can be counted on to get a thing done, given that 
they have set their mind to it. 
2.4.2. The Monarchic Style and Organizations 
In organizations monarchic bosses often expects tasks to be done without excuses or extenuating circumstances. 
Monarchic children often encounter a problem in school: They usually want to be doing something other than 
what they are doing, and are likely to be thinking about the other thing while they are supposed to be attending 
to the teacher. This style can be accommodated by integrating what they are monarchic about into what they are 
supposed to be doing. A child who has a strong interest in sports but is not a reader, for example, may become a 
reader if given sports novels to read, and a child who loves cooking but not math could be given math problems 
to do that involve recipes. 
2.5. The Hierarchic Thinking Style 
2.5.1. Description 
The hierarchic person has a hierarchy of goals and recognizes the need to set priorities, as all goals cannot 
always be fulfilled, or at least fulfilled equally well. This person tends to be more accepting of complexity than 
is the monarchic person, and recognizes the need to view problems from a number of angles so as to set 
priorities correctly. 
2.5.2. The Hierarchic Style and Organizations 
Hierarchic individuals tend to· fit well into organizations because they recognize the need for priorities. 
If their priorities are different from those of the organization they are working for, problems may, however, 
arise. They will then tend to organize their work according to their priorities and not according to the 
organization's priorities. Examples include the company lawyer who wants to spend too much time on pro-bono 
work, and the university professor who wants to spend too much time teaching. If this happens, such 
individuals may soon find themselves unwelcome in their respective organizations. 
2.6. The Oligarchic Thinking Style 
2.6.1. Description 
The oligarchic person is like the hierarchic person in having a desire to do more than one thing within the same 
time frame. But unlike hierarchic people, oligarchic people tend to be motivated by several, often competing 
goals of equal perceived importance. These individuals often feel pressured in the face of competing demands 
on their time and other resources. They are not always sure what to do first, or how much time to allot to each 
of the tasks they need to complete. 
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2.6.2. The Oligarchic Style and Organizations 
If the oligarchic person is given guidance with regard to the priorities of the organization they are involved in, 
they can become as effective or even more effective than people with other styles. 
2.7. The Anarchic Thinking Style 
2. 7 .1. Description 
The anarchic person seems to be motivated by a potpourri of needs and goals that can be difficult for him or her, 
as well as others, to sort out. Anarchic people take what seems like a random approach to problems; they tend 
to reject systems, and specifically rigid ones, and to fight back at whatever system they see as confming 
them. 
2.7.2. The Anarchic Style and Organizations 
Anarchic individuals may have trouble adapting to the worlds of school and work, especially if the environment 
is a rigid one. They may, however, often have greater potential for creative contribution than do many of the 
people who find them so distasteful. Anarchies' tendencies to pick up a little from here and a little from there 
allow them to often put together diverse bits of information and ideas in a creative way. They are wide-ranging 
in the scope of things they will consider and so many see solutions to problems that others overlook. 
It is the responsibility of the teacher, parent and employer to help the anarchic person harness this potential for 
creativity and achieve the self-discipline and organization that are necessary for any kind of creative 
contribution. If this process succeeds, the anarchic person may end up succeeding in domains where others may 
fail. 
2.8. Global and Local Thinking Styles 
2.8.1. The Global Thinking Style 
Global individuals prefer to deal with relatively large and abstract issues. They ignore or don't like details, and 
prefer to see the forest rather than the trees. Often they lose sight of the trees that constitute the forest. As a 
result, they have to be careful not to get lost on "Cloud Nine." 
2.8.2. The Local Thinking Style 
Local individuals like concrete problems requiring working with details. They tend to be oriented toward the 
pragmatics of a situation, and are down-to-earth. The danger is that they may lose the forest for the trees. They 
are, however, very important players in any team - some of the worst system failures as in aviation and rocketry 
have occurred when people have ignored what seemed at the time to be small details. 
2.8.3. The Global and Local Styles in Cooperative Work 
Global and local people can work particularly well together, because each attends to an aspect of task 
completion that the other would rather forget. A team consisting of exclusively global persons will tend to deal 
only with the big issues and will ignore the details, and a team consisting of only local persons will get lost in 
the details and forget about the big issues. A well balanced team with mild global and local styles on board is 
the ideal situation. 
2.9. The Internal and External Thinking Styles 
2.9.1. The Internal Thinking Style 
Internal individuals are concerned with internal affairs -they tum inward. They tend to be introverted, task-
oriented, aloof, and sometimes socially less aware. They like to work alone. Essentially their preference is to 
apply their intelligence to things or ideas in isolation from other people. 
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2.9.2. The External Thinking Style 
External individuals tend to be extroverted, outgoing, 'and people-oriented. Often they are socially sensitive and 
aware of what is going on with others. They like working with other people whenever possible. 
2.9.3. The Internal and External and Cooperative Learning 
There are fundamental misunderstandings regarding the interaction of styles with learning experience. An 
example thereof is the belief that cooperative learning are best for everybody. From the standpoint of the theory 
of mental self-government this is certainly not the case. External children will prefer working in groups and 
will probably learn better when learning with others. Internal children will probably prefer to work alone, and 
may become anxious in a group setting. 
2.10. The Liberal and Conservative Thinking Styles 
2.10.1. The Liberal Thinking Style 
The liberal individual likes to go beyond existing rules and procedures, to maximize change, and to seek 
situations that are somewhat ambiguous. The individual is not necessarily politically liberal. A political 
conservative could have a liberal style in trying to implement his party's agenda in a new and all-encompassing 
way. Thrill-seekers tend to have a liberal style, as do people who, in general quickly become bored. 
2.10.2. The Conservative Thinking Style 
The conservative individual likes to adhere to existing rules and procedures, minimize change, avoid ambiguous 
situations where possible, and stick with familiar situations in work and professional life. This individual will 
be happiest in a structured and relatively predictable environment. When such structure does not exist, the 
individual may seek to create it. 
3. Thinking Styles and Methods of Assessment 




Projects and portfolios 
Interview 











Acceptance of teacher 
viewpoint 
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4. Thinking Styles and Instructional and Evaluational Assignments 
Executive 







Repeat back .. . 
Describe .. . 
Style Emphasized 
Judicial 
Compare and contrast... 
Analyze .. . 
Evaluate .. . 
In your judgement... 
Why did? 
What caused? 
What is assumed by? 
Critique ... 
5. Gregorc's Thinking Style Inventory 




If you .. . 
Imagine .. . 





Fifteen groups of four words are listed below. Each of these words represents a characteristic of one of four 
thinking styles. None of these descriptions are wrong. Choose the one within each group which best describe 
your style of thinking. Allocate 4 marks to this approach. Allocate 3 marks to the second best description, 2 
marks to the third best description, and 1 mark to the remaining word. These words are all part of Gregorc"s 
thinking style inventory. 
1. a. Imaginative b. Investigative c. Realistic d. Analytical 
2. a. Organized b. Adaptable c. Critical d. Inquisitive 
3. a. Debating b. Getting to the point c. Creating d. Relating 
4. a. Personal b. Practical c. Academic d. Adventurous 
5. a. Precise b. Flexible c. Systematic d. Inventive 
6. a. Sharing b. Orderly c. Sensible d. Independent 
7. a. Competitive b. Perfectionist c. Cooperative d. Logical 
8. a. Intellectual b. Sensitive c. Hardworking d. Risk-taking 
9. a. Reader b. People person c. Problem solver d. Planner 
10. a. Memorize b. Associate c. Think-through d. Originate 
11. a. Changer b. Judger c. Spontaneous d. Wants direction 
12. a. Communicating b. Discovering c. Cautious d. Reasoning 
13. a. Challenging b. Practicing c. Caring d. Examining 
14. a. Completing work b. Seeing possibilities c. Gaining ideas d. Interpreting 
15. a. Doing b. Feeling c. Thinking d. Experimenting 
5.2. Calculate Your Scores 
Calculate your score for the concrete sequential thinking style by adding your point allocations for lc, 2a, 3b, 
4b, Sa, 6b, 7b, 8c, 9d, lOa, lld, 12c, 13b, 14a and 15a. 
Calculate your score for the abstract sequential thinking style by adding your point allocations for Id, 2c; 3a, 4c, 
5c, 6c, 7d, 8a, 9a, IOc, lib, 12d, 13d, 14c and 15c. 
Calculate your score for the abstract random thinking style by adding your point allocations for la, 2b, 3d, 4a, 
5b, 6a, 7c, 8b, 9b, lOb, lie, 12a, 13c, 14d and 15b. 
Calculate your score for the concrete random thinking style by adding your point allocations for I b, 2d, 3c, 4d, 
5d, 6d, 7a, 8d, 9c, IOd, lla, 12b, 13a, 14b and 15d. 
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5.3. Interpreting the Results 
The thinking style with the highest score is your dommant one, the style with the second highest score is your 
secondary one and the remaining two are your tertiary thinking styles. 
5.4. Characteristics of the Various Styles 
5.4.1. Characteristics of Concrete Sequential Thinkers 
Realistic, organized, getting to the point, practical, precise, orderly, perfectionist, hardworking, planner, 
memorize, wants direction, cautious, practicing, completing work, and doing. 
5.4.2. Characteristics of Abstract Sequential Thinkers 
Analytical, critical, debating, academic, systematic, sensible, logical, intellectual, reader, think-through, judger, 
reasoning, examining, gaining ideas, and thinking. 
5.4.3. Characteristics of Abstract Random Thinkers 
Imaginative, adaptable, relating, personal, flexible, sharing, cooperative, sensitive, people person, associate, 
spontaneous, communicating, caring, interpreting, and feeling. 
5.4.4. Characteristics of Concrete Random Thinkers 
Investigative, inquisitive, creating, adventurous, inventive, independent, competitive, risk-taking, problem 
solver, originate, changer, discovering, challenging, seeing possibilities, and experimenting. 
6. A Fuzzy Expert System for Gregorc's Thinking Style Inventory 
A fuzzy interpretation of Gregorc's Thinking Style Inventory (Dryden & Vos, 1994) was also implemented. Its 
aim is to determine a student's thinking style profile (concrete sequential (CS), abstract sequential (AS), abstract 
random (AR), concrete random(CR)), to describe the degree to which each style within his profile is compatible 
with the student, and to identify certain thinking style preferences of the student. 
A fuzzy expert system was built to accomplish this. Its output is a fuzzy description of the student's thinking 
style profile, identifying the dominant, secondary and tertiary styles thereof and, very importantly, stating to 
which degree the student prefers the characteristics associated with these four styles (CS, AS, AR, CR). A 
student may for example have a high preference for the AS style, an average preference for the CS style, and a 
low preference for the AR- and CR styles. 
In administering Gregorc's Thinking Style Inventory four scores are calculated, one for each style of thinking: 
CS, AS, AR, and CR. Two input variables, GOLD and SILVER, were identified for the building ofthe system's 
knowledge base. GOLD represents the difference between the highest and the second highest crisp scores, 
while SILVER represents the difference between the second and third highest scores. Both crisp GOLD and 
crisp SILVER have values between 0 and 30. The output of the system is defined as PREF and its crisp range is 
between 0 and 90, depending on whether the student has very extreme, balanced or well-distributed preferences 
for the various styles of thinking. 
Five fuzzy sets are associated with each input variable and 6 with the only output variable. It is illustrated in 
figures Al2.1 , A12.2 and Al2.3. 
Fuzzy Set Description Dimensional ran2e 
LIT Small Difference [0,3) 
QBIT Quite a Difference [2 ,5] 
SUBS Substantial Difference [4,9] 
M Quite a Large Difference [8, 15] 
VM Very Large Difference [12,30] 
Figure A12.1: Fuzzy Sets Associated with Input Variable GOLD 
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Fuzzy Set Description Dimensional range 
LIT Small Difference [0,3] 
QBIT Quite a Difference [2,5] 
SUBS Substantial Difference [4,9] 
M Quite a Large Difference [8, 15] 
VM Very Large Difference [12,30] 
Figure A12.2: Fuzzy Sets Associated with Input Variable SILVER 
Fuzzy Set Description Dimensional range 
HLL High I Low 2 Low 3 & 4 [0, 15] 
HAL High I Average 2 Low 3 & 4 ri5,30] 
HAA High I Average 2 Average 3 & 4 [30,45] 
HHL High I High 2 Low 3 & 4 [45,60] 
HHA High I High 2 Average 3 & 4 [60,75] 
HHH High I High 2 High 3 & 4 [75,90] 
Figure A12.3: Fuzzy Sets Associated with Output Variable PREF 
The first element of each threesome associated with a fuzzy PREF range name provides the degree to which the 
student prefers the dominant style (and its associated characteristics), the second provides the degree to which 
the student prefers the secondary style, and the third indicates to which degree the student prefers the tertiary 
styles. 
Associated with each fuzzy range name is a physical dimensional range; for example, SUBS lies between 4 and 
9 while VM lies between 12 and 30 (on both the GOLD and SILVER scales). All these ranges are given in 
figures Al2.1, Al2.2 and A12.3 .. 
After defining the fuzzy membership functions AS-THEN rules were determined. The rule base of the fuzzy 
version of Gregorc's Thinking Style Inventory contains 25 AS-THEN rules of which AS GOLD is SUBS AND 
SILVER is QBIT THEN PREF is HAL, is an example. Suppose the crisp scores for the AR and AS styles are 
the highest and that the crisp score for the CS style is the third highest. This illustrative rule then means that a 
specific student has a high preference for the AR style because there is a substantial difference between his 
highest score (AR) and his second highest (AS) and because there is also quite a difference between his second 
highest score (AS) and the scores of the other two styles (CS and CR). The thinking style preferences 
associated with the AR style are therefore preferred to a high degree, those of the AS style to an average degree 
and those of the CS- and CR styles to a low degree. Figure Al2.4 contains all the rules of this expert system. 
VM HHL HAL HAL HLL HLL 
M HHL HAL HAL HLL HLL 
SUBS HHA HAL HAL HLL HLL 
QBIT HHA HAA HAL HLL HLL 
LIT HHH HAA HAA HLL HLL 
LIT QBIT SUBS M VM 
Figure A12.4: Rule Matrix with Variable GOLD Horizontally and SILVER Vertically 
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Appendix 13 
Adapting De Bono's Thinking Games to Become Teaching Games -
Concept Cards Versions 
1. Examples of Concept Cards 
Concept cards were prepared for the following concepts from the LP curriculum: Artificial Variables, Handling 
Negative Right-Hand-Sides, Basic Solution, Basic Variables, Nonbasic Variables, Basic Feasible Solution, 
Existence of a Basic Feasible Solution, Initial Basic Feasible Solution, Value of a Unit of Capacity, Constraints, 
Conversion to equality constraints, Convex Set, "Cycling", Degeneracy, Degenerate basic solution, Dual 
Problem, Definition of the Dual Problem, Matrix Notation for the Dual Problem, Relationship of the Dual 
Problem to the Primal Problem, Solution to the Dual Problem, Characteristics of duality, Adjacent Basic 
Solution, Entering Basic Variable, Optimal Solution, Extreme point, Feasible Region, Feasible Solution, 
Finding a New Basic Feasible Solution, Gauss-Jordan Elimination, Geometric Solution, Definition of Linear 
Programming, Matrix Notation of Linear Programming, Cost vector, Profit vector, Summation Notation of 
Linear Programming, Minimization Problems, An Example of a Minimization LP Problem, Multiple Solutions, 
Detecting Multiple Solutions, Multiple Solutions Defined, Nonnegativity Restrictions, Objective Function, 
Pivotal Column, Pivotal Row, Requirements Vector, Computation of Simplex Criterion, Alternative 
computation of Zj - Cj row., Meaning of Z[j] and Z[j]-C[j], Meaning of Simplex Criterion, Simplex Method, 
Equations Tableau, The Simplex Tableau, Slack Variables, Surplus Variables, Transportation Problem, 
Assignment Problem, Product Mix Problem, Blending Problem, Investment Problem, Production Scheduling 
Problem, Big M-Method, The Two Phase Method, Unbounded Solution, Simplex Criterion, Application of 
Vogel's Method, Application of the Transportation Algorithm, Application of the Hungarian Method, 
Application of the Simplex Method, and Leaving Basic Vari~ble. 
These concepts are represented by suitable abbreviations on their corresponding concept cards, e.g. the concept 
"Basic Feasible Solution" is represented by "BFS". 
2. "Thirty Questions" Thinking and Teaching Game 
2.1. This game is played cooperatively between 2 or more players. 
2.2. The system randomly generates a number between 1 and 69 (the number of concept cards), and presents 
the corresponding concept card to one of our students. He is asked to visualize/conceptualize the 
concept. The concept may, for example, be "DEGENERACY". He therefore thinks of the definition of 
degeneracy, namely: "A basic solution to a set ofm simultaneous linear equations inn variables (n > m) 
is degenerate if it includes less than m nonzero variables" . 
2.3. The other players must then discover what the card shows by asking up to 30 questions. 
2.4. Any question that requires only a "Yes" or "No" answer counts as two questions. A question that 
requires a fuller answer (e.g. Where is it used?) counts as five questions. A guess question counts as 
three questions. 
2.5. A student wins the game if his guess is correct. He receives 5 points for his win, and the rest of the team 
each gets 3 points. 
2.6. If the object remains undiscovered, the player answering the questions wins. He gets 5 points. 
3. "Forty Questions" Thinking and Teaching Game 
3 .1. This game is played cooperatively between 2 or more players. 
3.2. The system randomly generates two numbers between 1 and 69 (the number of concept cards), and 
presents the corresponding concept cards to one of our students. He is asked to visualize I conceptualize 
the two concepts. The two cards may, for example be "BFS" and "EXTREME POINT". He therefore 
thinks of their definitions: 
BFS 
Consider a linear programming problem with n variables and m equality constraints. A basic feasible 
solution is a solution that is both feasible (all x[j] · 0) and basic (no more than m nonzero variables) . 
Stellenbosch University  https://scholar.sun.ac.za
525 
Extreme Point 
A "comer" of the feasible region is called an extreme point of the region. A more precise definition is as 
follows :. A point is an extreme point of a convex region if it is not on the straight line joining any other 
pair of points in the region. 
3.3 . The other players must then discover what the cards show by asking up to 40 questions. The person 
visualizing the two concepts must answer for both, without saying which is which. The answers might 
go as follows: "Yes, for one of them"; "No for both of them" ; "One of them can be used for. .. ". The 
questions have to sort out one or both of the items. 
3.4. Any question that requires "Yes" or "No" answers counts as two questions. A question that requires a 
fuller answer (e.g. Where is it used?) counts as five questions. A guess question counts as three 
questions. 
3.5 . A student wins the game if his guess is correct (for both items). He receives 5 points for his win, and the 
rest of the team each gets 3 points. 
3.6. If the objects remain undiscovered, the player answering the questions wins. He gets 5 points. 
4. Recognize From A Description Think- & Teaching Game 
4.1. Word puzzles are compiled for an appropriate subset of our concept cards. Three hints are associated 
with each. 
As an example consider the concept card "CYCLING". The associated word puzzle may read as 
follows: 
"This phenomenon does not very often occurs. Should it occur, measures could be taken to ensure that 
an optimal solution will be reached in a finite number of steps." 
The following hints will simplify the student's task: 
I. Degeneracy plays a role. 
2. An optimal solution cannot be reached. 
3. The simplex method always arrives back at a previous basic feasible solution. 
4.2. This game is meant to be played by one person. 
4.3 . The system randomly generates a number between 1 and 69 (the number of concept cards) and presents 
the word puzzle associated with the corresponding concept card to our student (e.g. "CYCLING"). 
4.4. The student now has to guess what the concept is. If his guess is correct, he gets I 0 points. If he guesses 
wrongly, a hint is provided. 
4.5. The student may try again: A correct guess now gets 7 points. 
4.6. If he again guesses incorrectly, the last of three hints is presented. A correct answer, however, receives 5 
points. 
4.7. If his last guess is also wrong, he does not receive any points; otherwise he gets 3 points. 
4.8. The procedure repeats itself until our student decides to end it. 
4.9. The student's final score is calculated, divided by the maximum attainable score, expressed as a 
percentage and displayed to our student. 
5. "Concept Snap" Thinking and Teaching Game 
5.1. A list of concept connections was compiled for an appropriate subset of our LP concept cards, and made 
available for usage by the system. 
The concept connection between the concepts "DUAL SOLUTION" and "SLACK V AR" may, for 
example, be that the solution to the dual problem can be found from the simplex criteria of the slack 
variables in the final simplex tableau of the primal problem. Specifically, the solution to the dual is: 
y[ 1] = Z[ n+ I] - C[ n+ I] 
y[2] = Z[n+2]- C[n+2] 
y[m] = Z[n+m] * C[n+m], with X[n+l], X[n+2] ... , X[n+m] the slack variables. 
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5.2. The system randomly allocates half of the pack of concept cards to the student and the other half to 
himself All the cards are hidden. 
5.3 . One card from each pack is simultaneously "turned over". The student is given 5 to 7 seconds to type in 
"S" (for "SNAP") if he can see a concept connection between the two cards (He then continues to explain 
verbally his concept connection). If he can't, the system will respond by providing his pre-compiled 
connection, if it exists. Either the system or the student will, for example, provide the above-provided 
explanation should the two cards be "DUAL SOLUTION" and "SLACK V AR". 
5.4. If no concept connection can be made by either the student or the system, the next two cards are "turned 
over". 
5.5. Simple connections, like "both are linear programming terms" should be avoided. The same concept 
connection should also not be made more than once in the same game. 
5.6. The winner takes all the cards from the other player (or the system) that have been "turned over" up to 
that point. 
5. 7. The game continues until either the student or the system has no cards left or until an agreed time has 
been reached. The player with the most cards wins the game. 
6. "Broader Concept" Thinking and Teaching Game 1 
6.1. The system randomly selects a concept card from the pack, e.g. "ENTER BASIS". 
6.2. The student must respond by suggesting concepts that include the item on the card. The suggestions 
must be related in some way to the function of the item. Each new concept can be broader (e.g. "PIVOT 
ROW" and "SIMPLEX J.l) or narrower (e.g. COMP-CRIT) than the previous one. 
6.3. The game continues with the system revealing new concept cards until the student decides rather to 
continue with other activities. 
7. "Broader Concept" Thinking and Teaching Game 2 
7.1. The system randomly selects a concept card from the pack, e.g. "DEGENERATE-BS". 
7.2. The student must respond by suggesting concepts that include the item on the card. The suggestions 
must be related in some way to the function of the item. Each new concept can be broader or narrower 
than the previous one. The student may therefore respond with concepts corresponding to the concept 
cards "CYCLING" and "PIVOT ROW". 
7.3. The system reveals another card, e.g. "OPTIMUM". 
7.4. The student now has to find concepts that links the two (e.g. when cycling occurs an optimal solution 
cannot be found) . 
7.5 . The game continues with the system revealing new concept cards until the student decides rather to 
continue with other activities. 
8. The Discovery Think- & Teaching Game: Beginner Version 
8.1. Associate with each picture card a particular feature . 
For example, associate with "TRANSPORT" the feature that it could be solved by the simplex method. 
Then indicate for each card whether it contains the "hidden" features of the other cards. 
Concept cards "PRODUCT MIX", "BLENDING", "INVESTMENT", "PROD-SCHED", and 
"ASSIGNMENT" contain the hidden feature of"TRANSPORT". 
8.2. The system randomly selects a concept card from the pack (e.g. "TRANSPORT"), and notices its 
particular or "hidden" feature. The card is shown to the student. 
8.3. The student now has to carry out "experiments" in order to find the hidden feature . All of the concept 
cards are "turned upwards"; i.e. descriptions of their concepts are displayed to the student. 
8.4. The student acts as an experimenter and chooses a card he thinks may contain the hidden feature. It is 
put forward as an "experiment". 
8.5. The system responds by saying "yes" or "no", depending on whether the experiment card contains the 
hidden feature . The system will, for our example, say "YES" to experiment card "PRODUCT MIX" and 
"NO" to experiment card "DEGENERACY". 
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8.7. The unsuccessful cards are placed on a level below the original one. 
8.8. When the experimenter thinks that he has the answer he may guess. 
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8.9. If he answers correctly, he wins; if he answers incorrectly the system wins. The system then continues 
and displays the hidden feature. 
9. The Discovery Thinking and Teaching Game: Advanced Version 
9 .1 . Associate with each picture card two particular features. 
For example, associate with "TRANSPORT" the feature that it could be solved by the simplex method, 
and the feature that it could also be solved by specially designed variations of the simplex method. 
Then indicate for each card whether it contains the "hidden" features of the other cards. 
Concept cards "PRODUCT MIX", "BLENDING", "INVESTMENT", "PROD-SCHED", and 
"ASSIGNMENT" contain the first hidden feature of "TRANSPORT", and "ASSIGNMENT" the second 
one. 
9.2. The system randomly selects a picture card from the pack, and notices its particular or "hidden" features . 
The card is shown to the student. 
9.3. The student now has to carry out "experiments" in order to fmd the hidden features. All of the picture 
cards are "turned upwards"; i.e. descriptions of their pictures are displayed to the student. 
9.4. The student acts as an experimenter and chooses a card he thinks may contain the hidden features. It is 
put forward as an "experiment". 
9.5. The system responds by saying "yes" and/or "no", depending on whether the experiment card contains 
the hidden features. The system will, for our example, say "YES" and "NO" to experiment card 
"PRODUCT MIX", "NO" and "NO" to experiment card "DEGENERACY", and "YES" and "YES" to 
experiment card "ASSIGNMENT". 
9.6. The successful cards are placed on the same level as the original card. 
9.7. The unsuccessful cards are placed on a level below the original one. 
9.8. When the experimenter thinks that he has the answer he may guess. 
9.9. If he answers correctly, he wins; if he answers incorrectly the system wins. The system then continues 
and displays the hidden feature . 
10. "Judged Pairs" Thinking and Teaching Game 
1 0.1. The system randomly selects 20 cards from the pack. They are displayed to the student. 
These could be: "CONSTRAINTS, DUAL VS PRIMAL, ENTER BASIS, EXTREME POINT, 
DEGENERACY, FIND NEW BFS, GAUSS-JORDAN, MATRIX NOTATION, COST VECTOR, 
SUMMATION, MIN LP, CRIT MEANING, SIMP TABLEAU, TRANSPORT, PRODUCT MIX, BIG 
M, UNBOUND, DEFINE LP, SIMPLEX CRIT and LEAVE BASIS" . 
1 0.2. The student must pick out three pairs. Each pair must be based on usefulness. It may, for example, be 
judged that a particular card would help another to carry out its function. The pairing should not be 
made on the basis of features, concepts, or similarity, but only on the basis of synergy. 
The following three pairs could, for example, be picked: 
GAUSS-JORDAN is used to perform computations on the SIMP TABLEAU; 
MATRIX NOTATION is used to formulate a PRODUCT MIX problem; and 
SUMMATION is used to formally describe DEFINE LP. 
Many other pairs could be chosen ... 
10.3. The student may write his choices down (for future references and comparisons). 
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11. Memory Judgement" Thinking and Teaching Game 
11.1 . The system randomly selects 16 concept cards from the pack and displays them in a four-by-four grid. 
11.2. The student may observe the cards for 20 seconds before they are "turned face downwards" . 
11.3. The student selects a card he wants to "turn over". He then makes a prediction about its contents. 
11.4. If the student's prediction is correct, he earns 10 points, if he is wrong the system earns I 0 points. The 
process repeats itself until no cards are left. 
11.5. The winner is the player (student or system) with the most points. 
12. "Frame Of Judgement" Thinking and Teaching Game 
12.1. A number of frames of judgements were compiled and stored. One example is: "Possible states and 
activities in the solution of practical blending problems". Special care must be taken that at least 25% of 
the pack of cards will match such a frame. 
12.2. The system now randomly selects one of these frames of judgement and presents it to the student. The 
pack of cards are turned over one by one. 
12.3. The student now has to judge instantly whether the turned-up card fits the frame of judgement. 
"OPTIMUM" and "LEAVE BASIS" will fit our example frame, while "CYCLING" and "VOGEL" will 
most probably not. 
12.4. Two piles of cards are constructed: One for the accepted items and one for the rejected ones. 
12.5. The student wins if the number of cards in the accepted pile is greater than a certain percentage of the 
original pack (say 20%); otherwise the system wins. 
12.6. The system displays his cards that fit the chosen frame of judgement. 
13. "Alternative Stories" Thinking and Teaching Game 
13.1. The system randomly selects four cards from the pack and displays them in the sequence that they were 
picked up; e.g. ENTER BASIS, PIVOT COLUMN, HUNGARIAN and COMP-CRIT. 
13.2. The student now has to construct an LP scenario/sketch around that sequence so that each item on the 
cards comes into the scenario in the right order. One scenario for the above provided cards may be: 
"The variable that enters the basis will increase the value of the objective function. The selection of the 
pivot column is most often a very straight forward process - when ties do occur anyone can be chosen. 
This step is crucial in solving LP problems like product mix and blending problems - even assignment 
problems can be solved by the simplex method. The Hungarian method, however, is a much better 
choice for the latter case. This pivot column is selected only after the simplex criterion (Z[j] - C[j]) has 
been computed. It determines the entering variable." 
13.3. The student is then challenged to construct another scenario for the same sequence of cards. 
13.4. The system changes the sequence around and the student has to construct a third scenario. 
13.5. The student may continue to select other sequences in order to construct more scenarios. 
14. "Logical Sequence" Thinking and Teaching Game 
14.1. The system randomly selects five cards from the pack and display them to the student. The following 5 
may, for example, be selected: FS SOLUTION, PROFIT VECTOR, INVESTMENT, MULT SOL and 
SIMP TABLEAU. 
14.2. The student now has to arrange these five cards in some sort of logical sequence. It should not be a 
story. There must be some sort of logical connection between one card and the next one. It will be 
enough if there is a logical connection between the first card and the second card and if there is a 
different logical connection between the second card and the third card. 
The following sequence may be one of the ones suggested: 
INVESTMENT, PROFIT VECTOR, SIMP TABLEAU, MULT SOL and FS SOLUTION. 
Stellenbosch University  https://scholar.sun.ac.za
529 
Corresponding scenario I explanation: Suppose we are optimizing an investment problem. The goal of 
the associated LP problem is to maximize income on investments. The simplex method is used to fmd 
this optimum. Multiple and alternative optima1 solutions may occur and may indeed be very helpful for 
an investment manager who must recommend an investment policy. Although these policies are all 
feasible solutions, they may not be very practical. In order to correct this the mathematical formulation 
should be revised. 
14.3. The student should try to construct as many as possible logical sequences. 
15. The Similarity Thinking and Teaching Game 
15.1. The system randomly generates two sets of five cards from the pack of cards. They are displayed in two 













15.2. The student's task is to pick out a pair, one from each column, which have many things in common. In 
our example the student can choose "ARTIFICIAL-VAR" and "SLACK VAR" -both are used to 
transform an LP problem into canonical form. Another choice may be "PIVOT ROW" and "LEAVE 
BASIS" -the variable in the pivot row is destined to leave the basis! 
15.3. The student basically has two choices for similarity: He can either choose aspects that are strongly held 
in common, or list aspects which are held in common, but not in a dominant way. 
15.4. The student may choose different pairs for each approach. · 
15.5. The game continues until the student has successfully identified 7-10 similarities. 
16. The Difference Thinking and Teaching Game 
16.1. The system randomly generates pairs of cards and displays them. The pair "DUAL VS PRIMAL" and 
"SIMPLEX CRIT" could be such a pair. 
16.2. The student must list, for each pair, the points of difference. It is necessary to get beyond the obvious 
and simple points of difference and to try and point out contrasts in function. A functional contrast for 
our example pair might be: "DUAL VS PRIMAL" is an aid in setting up dual problems and in converting 
primal problems into dual problems, and vice versa; while "SIMPLEX CRIT" is used to decide whether a 
specific solution is optimal or not, and also to determine the dual solution. "DUAL VS PRIMAL" is 
therefore used to set up an appropriate model, and "SIMPLEX CRIT" is used to interpret the solution of 
a specific model. 
16.3. The game continues until the student has differentiated between approximately 7 to 10 pairs of cards. 
17. The Framework Thinking and Teaching Game 
17.1. The system randomly selects a picture card from the pack of cards. It is displayed (e.g. "VOGEL"). 
17 .2. The student is given the opportunity to look at the card and to set up a framework by asking himself the 
following question: "Under what conditions and in what frame of mind would I choose the item on this 
card?". For the concept card "VOGEL" the student may associate it with solving transportation problems 
and with learning how to do it. 
17.3. The system continues by selecting more cards until the student has chosen two further cards that may 
also fit this same framework. The student could have chosen "TRANS-ALG" and SIMPLEX f.!" . 
17 .4. The student now has to make a choice between his three possible alternatives. 
In our example the student will most probably choose "TRANS-ALG" since it is easier to use it to solve 
transportation problems than the simplex method, and also because V agel's method only provides a good 
starting solution, and not necessarily the optimal solution to LP problems. 
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18. "Analyze The Reason" Thinking and Teaching Game: 2 Player 
Version 
18.1. This game is meant to be played by two players. 
18.2. The system displays the pack of concept cards. One player now looks through the cards and puts 
together a collection of four cards. There must be some reason for this collection. The reason cannot be 
a story told around the cards. 
Concept cards "NEGATIVE RHS", "MULT SOL", "UNBOUND", and "CYCLING" can represent one 
such a collection. The reason might be: Situations requiring special activities or rules to handle. 
18.3. The reason is stored by the system. 
18.4. The second player now has to seek to Analyze the reason behind the collection. Two .ways exist: 
a. He can choose another card and offer it. The response could be: "It fits", "It might just fit" or "It 
definitely does not fit" . The response to "DEGENERACY" will be "It fits"; the response to "Big M" 
will be "It might just fit" and the response to "BLENDING" will be "It definitely does not fit". 
b. He can ask a direct question that can be answered by a simple "yes" or "no". 
18.5. Scoring works as follows: Offering a card counts as two points, and asking a direct question as four. 
Only 16 points can be accumulated. 
18.6. Guesses count as a question except that a final guess can be made after the 16 points have all been used 
up. 
18.7. The second player wins if he guesses correctly. The first player wins if he does not. The reason is 
revealed and a new game can start. 
18.8. The two players reverse their roles after each game. 
19. "Analyze The Reason" Thinking and Teaching Game: 1 Player 
Version 
19 .1 . A number of collections of four cards was previously compiled and stored by the system. The reason 
why the cards belong together was also stored. 
Concept cards "NEGATIVE RHS", "MULT SOL", "UNBOUND", and "CYCLING" can represent one 
such a collection. The reason might be: Situations requiring special activities or rules to handle. 
19 .2. It was also previously determined whether specific cards in the pack of cards will fit in with each 
collection. Three classifications are possible: "It fits in", "It may just fit in", and "It definitely does not fit 
in". 
Consider our example collection: 
"DEGENERACY" will get the classification "It fits in"; "Big M" will get the classification "It may just 
fit in" and "BLENDING" will get the classification "It defmitely does not fit in" . 
19.3. The system now randomly generates one of these collections of four cards and displays it to the student. 
The rest of the pack is also displayed. 
19.4. The student must seek to Analyze the reason behind the collection. He chooses another card from the 
pack and offer it. 
19.5. The system responds with one of the following answers: "It fits", "It might just fit" or "It definitely does 
not fit" . 
19.6. The student continues to offer cards until he wants to take a guess. 
19.7. Scoring works as follows: Offering a card counts as one point, and guesses count as a five points. A 
maximum of 15 points may be accumulated (in offering cards). A guess may, however, be made after a 
student's 15 points have all been used up. 
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19 .8. The correct reason is shown to the student after he has taken a guess. If his reason was correct, he wins; 
otherwise he looses. 
20. "Common Parts" Thinking and Teaching Game 
20.1. The pack of concept cards were evaluated, common parts were identified among each other and the 
results were stored. 
20.2. The system now randomly selects six cards from the pack and displays it. Suppose the system generates 
the following six cards: "DEGENERACY", "GAUSS-JORDAN", "OBJECTIVE", "SIMP TABLEAU", 
"BIG M" and "MUL T SOL DEF". 
20.3. One at a time the system selects fresh cards from the pack. 
20.4. The student has to detect that the item on the new card can have a part in common with one of the 
original six cards. If he notices such an occurrence, he indicates it by typing "C" for common part. 
Let's say "TWO-PHASE" is presented. The student recognizes that both the two-phase and big M 
methods utilizes Gauss-Jordan elimination, and he therefore types a "C" for common parts. 
20.5 . The system proceeds to present the previously stored common parts for this specific case. If the student 
was correct, he can take the new card. Otherwise the system collects it. In our example the student was 
correct, and he can consequently collect the card. 
20.6. The winner is the player who has accumulated most cards at the end of the game. 
21. The Perception Thinking and Teaching Game 
21.1. A principle is associated with each concept card in the pack of cards. A matrix that indicates whether a 
specific card fits in with the principles of the other cards is also compiled and stored. 
21.2. The system randomly selects a card from the pack, presents it and associate with it its previously 
determined principle. 
Suppose the card "DEGENERACY" was selected. Previously the principle "This phenomenon very 
rarely occurs in practical models" was determined and associated with this, and a number of other cards. 
21.3. The student must also associate a principle with this card. Suppose our student associate the principle 
"Interesting states that occur in the solution ofLP problems" with "DEGENERACY". 
21.4. Ten cards are selected randomly and shown to the student and system. 
These ten cards could be: "ARTIFICIAL-VAR", "NEGATIVE RHS", "CONSTRAINTS", "CYCLING", 
"DEGENERATE-BS", "MULT SOL", "OBJECTIVE", "BIG M", "UNBOUND", and "LEAVE BASIS". 
21.5. Both the student and the system chooses from these cards one that fits in with their respective principles. 
The student may choose "MUL T SOL" and the system "CYCLING". 
21.6. The player forms a group to the bottom of the original card, and the system to the top. 
21.7. A basis must exist for a grouping, e.g. "concepts that are used in the solution of transportation problems" . 
The basis may not be a story line. 
21.8. The student and system in turn selects a card from the 10 selected earlier and adds it to their groups. 
Consider our example: 
The student can continue and select "DEGENERATE-BS". The system can pick "UNBOUND". The 
student can also pick "NEGATIVE RHS". The rest of the cards could be discarded. 
21.9. Cards not selected are put aside. 
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21.1 0. A new set of 10 cards is selected until no cards is left in the pack. 
21.11. The student can then guess the basis of the system's grouping. If he is correct he wins; otherwise he 
looses. The system then explains the principle' that underlies its grouping. 
21.12. The student provides the basis for his grouping. It is stored, and will be used in future games. 
22. "Change Perception" Thinking and Teaching Game 
22.1. A description of the nature or function of the item on each of the concept cards are stored. 
The function of "OBJECTIVE" is, for example, to provide a formal expression that should me 
maximized or minimized subject to a set of constraints. 
22.2. The system randomly selects a concept card from the pack of cards. It, together with its description, is 
displayed on the screen. 
22.3. The student now has to describe the item in a different way. If, for example, the system described a 
hose-pipe as "a way of directing water to a specific place", the student may respond with "a way of 
avoiding wasting water where it is not wanted". 
"OBJECTIVE" (in our example) could also be described (by the student) as an indicator of profit or cost 
for each of a problem's basic feasible solutions. 
22.4. The student's response is stored. for later use (possible). 
22.5 . If a card proves to be too difficult, another one can be chosen. 
22.6. The game allows for at least 5 changes of perception to be made. 
23. "Quick Values" Thinking and Teaching Game 
23.1. The object of this game is to let the student choose the five cards that have the highest value for him. 
23 .2. The system quickly displays one card after the other. 
23.3. The student is allowed about three seconds to view each card and to decide whether to select it as one of 
his "valuable five". 
23.4. The student is not allowed to change his mind or go back to choose a card that has passed. All values are 
allowed. 
23.5 . Whenever the student has collected his five "valuable" cards, the system stops displaying new cards. 
23.6. The student must explain the value of each of his choices. 
24. "Constructive Values" Thinking and Teaching Game 
24.1. In this game values have to fit together to achieve some purpose. 
24.2. The system randomly selects six cards from the picture cards and displays them. Suppose the following 
six cards were selected: SHOE, TIN, DOVE, MICE, ROOF and FISH. 
24.3. The student has to show how four of these cards can be used together to set up a business. It can either 
be a business that makes money or an operation that provides value to the community. The student 
receives ample time to think. 
The student may, for example, come up with the following business plan: 
Setup a factory that produces tinned fish and one that utilizes fish skins to manufacture shoes. The 
business also produces a "mouse" that looks like a fish (computer device) . The latter can be distributed 
as part of a marketing campaign to all its potential clients, like supermarket groups, shoe outlets, and so 
forth. 
24.4. The student should also think about how linear programming can be used to streamline the proposed 
business. 
Consider our student's proposed business plan. 
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LP can be used to setup a product mix problem to streamline production (of shoes, tinned fish and 
"mice"). A transportation model could also be generated to optimize the transportation of the finished 
products to the factory's warehouses. · 
24.5. The student must explain his plan in detail to somebody else. He should also formulate appropriate LP 
problem(s) that could help him to operate his business more effectively. 
24.6. The value of selling items on the cards to raise money is not allowed: it would make the game too easy. 
25. "Different Values" Thinking and Teaching Game 
25.1. The system randomly selects a concept card from an appropriate subset of the pack and shows it to the 
student. "TWO-PHASE" could be such a card. 
25 .2. The student is given time to think about: 
a. For whom and in what circumstances will the item on the card provide positive values (in the context 
of linear programming). 
b . For whom and in what circumstances will the item on the card provide negative values (in the context 
oflinear programming). 
25.3. The student provides his thoughts. He may, for example, state that the two phase method could be used 
to good effect to solve product mix, blending, investment and production scheduling problems, but that it 
is not as effective as the Hungarian method in solving assignment problems. It also has a negative value 
for someone who is solving an integer programming problem (the two-phase method could solve it but it 
will not necessarily provide an optimal AND integer solution). 
25.4. The game continues with a new card. At least 3 iterations should take place. 
26. "Design A Story" Thinking and Teaching Game 
26.1. The system randomly selects four cards from the pack and displays it. "ENTER BASIS", "COMP-
CRIT", "UNBOUND" and "VOGEL" may be such a selection. 
26.2. The student now has to construct LP scenarios that corresponds to these four cards. He may discard one 
of the cards. The sketch may contain any number of situations. It is easiest to generate one example LP 
problem and to use it to produce the necessary scenarios. 
The student may therefore generate an LP problem like the following: 
A small towel company makes two types of towels, Standard and Deluxe. Both types have to go through 
two processing departments, cutting and sewing. Each standard towel needs I minute in the cutting 
department and 3 minutes in the sewing department. Each deluxe towel needs 2 minutes in the cutting 
department and 2 minutes in the sewing department. The total available time for a production run is 160 
minutes in cutting and 240 minutes in sewing. The profit on each standard towel is $1.00, whereas the 
profit on each deluxe towel is $1.50. The problem is to determine an optimal program for the production 
of these two types of towels. More specifically, we want to fmd the number of each type of towel we 
should make in order to maximize profit while remaining within the total available time restrictions. 
The student can now utilize the simplex method to solve this problem and to illustrate the concept cards 
"ENTER BASIS" and "COMP-CRIT". He can also design a scenario (by changing the problem 
description) that will generate an unbounded solution ("UNBOUND"). "VOGEL" may be discarded. 
26.3. After the student has set up his scenarios, the system comes up with two new cards. 
26.4. The student has to use one of these cards. The other one may be discarded, but need not be. 
26.5 . The game continues in this manner either until the student cannot continue or until six cards have been 
used. 
27. "Design A Game" Thinking and Teaching Game 
27 .1. The student must design a new game using the concept cards. 
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27.2. The game should be a collection type of game for two people. 
27.3. Each person is trying to collect something. What could that something be? How do the players get the 
cards? Bow can disputes be avoided? 
27.4. The student stores the design and rules of his new game. 
28. "Design A Tourist Attraction" Thinking and Teaching Game 
28.1. The system randomly selects five picture cards from the pack and displays it. 
28.2. The student must use the items depicted on these cards to design a tourist attraction. Tourism is the 
biggest industry in the world. Tourism may involve travelling within your own country or going to 
another country. Travel may take place because of the weather, in order to see things or to take part in 
some sport or activity. The student's task is to design a tourist attraction. It must be a new type of 
attraction rather than a traditional one. It must also be possible to utilize LP in the operations of the 
resort. The student should explain how this could be done (e.g. utilize an assignment model for room 
allocations, utilize a transportation problem to distribute goods to various islands, etc.). 
28.3. If the student does not like his five cards, they may be put aside. The system will select five new cards. 
This process may be repeated once more. 
28.4. A design that uses all five cards is better than one that only uses three. A design based on one card is not 
acceptable. 
28.5. The student must successfully indicate how LP can be used before he can continue to store his design. If 
he fails to do that, the game restarts and his design is ignored. 
29. "Functions" Thinking and Teaching Game 
29 .1. The system compiles a list of cards whose functions could be carried out (perhaps not so well, but still), 
by a combination of other cards. The combinations are stored. 
29.2. The system randomly selects a card from such a list. Suppose "HUNGARIAN" is selected. 
29.3. The student is asked to look through the pack of concept cards (that are on display) and to see if he could 
find a combination of cards that could be used to perform the functions of the provided card. 
The student may come up with the following combinations: 
a. For two dimensional assignment problems: "ADJACENT SOL", "EXTREME POINT", "FS 
REGION", "FS SOLUTION", and "GEOMETRY S". 
b. For n-dimensional problems: "DEFINE LP", "SIMPLEX Jl", "SIMP TABLEAU", and "BIG M" or 
"THO-PHASE". 
29.4. The student's answer is written down. 
29.5. The system provides his combination. 
29.6. The student compares his with that of the system. 
30. "Problem Solver" Thinking and Teaching Game 
30.1. A whole range of LP problem descriptions are stored. Examples include product mix, blending, 
investment, production scheduling, transportation and assignment problems. 
Step-by-step solutions to these problems are also stored. 
30.2. The system randomly selects one of these problems and presents it to the student. 
The following problem description may, for example, be presented to the student: 
"The ACE Book Company has just received the rights to publish " what you always wanted to know 
about linear programming but were afraid to ask" . The firm may publish the edition in paperback, 
hardback, or both. 
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ACE Book Company estimates the profit contribution to be $1 per paperback and $2 per hardback sold. 
The demand for the book is so great that ACE Book Company believes it will be able to sell all of its 
production, of either the paperback or the hardoack. 
Both books must go through two production processes: printing and binding. The paperback version 
requires 6 units of printing and 9 units of binding. The hardback, on the other hand, requires 4 units of 
printing and 12 units of binding. A total of 54 units of printing and 60 units of binding are available 
daily for the production of either paperback and I or hardback copies of this book. 
The ACE Book Company desires to know what combination of paperback-hardback editions it should 
publish daily in order to maximize profit contribution." 
30.3. The student receives 5 randomly selected concept cards from the pack. 
Suppose our student receives the following 5 cards: "DEFINE DUAL", "MATRlX NOTATION", 
"PIVOT ROW", "SLACK V AR" and "LEAVE BASIS". 
30.4. The student must fmd a way how these cards, or combinations thereof, are used to solve the stated 
problem. He must demonstrate their usage in the solution of the stated problem (and he must actually 
solve the problem with an appropriate technique). 
Our student will therefore formulate the problem in MATRlX NOTATION, he will use SLACK 
VARIABLES to transform the mathematical model into canonical fonn, he will solve the problem with 
the simplex method and stress the usage of the PIVOT ROW and the variables that LEAVE the BASIS, 
and he will DEFINE the DUAL of the problem and speculate about its interpretation worth for ACE 
Book Company. 
30.5. The game ends after three problems have been presented to the student. New cards are used for each. 
30.6. The system always provides his solution to the problem. 
30.7. The student's solution is also stored. 
31. "Potential Problems" Thinking and Teaching Game 
31 .1. A study was made of each of the concept cards in the pack and a list was compiled for each of all the 
potential problems that may arise in connection with the concepts featured on these cards. It was stored 
by system. 
31.2. The system now randomly selects a card from the pack and presents it to the student, let's say 
"ARTIFICIAL VAR". 
31 .3. The student now has to list all the potential problems that he can think of that can arise in connection 
with the item featured on his card. These might be problems that occur in the use of the item or 
situations that may arise because the item was used. It also include "pot holes" one has to look out for 
when using this concept. 
If the item on the card is a hose-pipe (to take an example from a picture card) potential problems in its 
use include leakage and difficulty in fitting it to a tap. Problems caused by use include the excess 
consumption of water, both in the garden and washing the car. This puts demands on water supplies and 
this in turn can lead to ecological problems. In some areas, over-irrigation can cause salination of the 
soil. 
If the concept on the card is "ARTIFICIAL VAR" possible problems that can occur, include: 
Computational problems in the Big M method if M is not chosen to be sufficiently large; the possibility 
that an artificial variable is present in the optimal solution (in which case the original problem does not 
have a basic feasible solution); managers do not know how to handle or interpret artificial variables; and 
selecting the simplex instead of the Big M or two-phase methods to solve the problem. 
31.4. The student's answer is stored. 
31.5. The system provides his list. 
31.6. The student compares his with that of the system. The winner normally is the one with the most 
problems on his list. 
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31.7. The game continues for at least three cards. 
32. Problem Solving Function Thin.king and Teaching Game 
32.1. Many of the items on the concept cards can be seen as "solving" some problem. Sometimes, the item 
allows us to do something that we could not do at all before. At other times, the item makes it simpler or 
more convenient to do something that we could do before. So many of the items could be seen as 
"solutions" to a problem. A list of such solutions was compiled for our pack of cards. 
Some examples are: 
"GAUSS-JORDAN" enables us to perform a simplex iteration and to replace the so called "departing" 
variable with the so-called "entering" variable in the basis. It is used in the pivoting process. 
"PRJMAL VS DUAL" helps one to defme the dual of a LP problem. 
"HUNGARJAN" enables us to solve n-dimensional assignment problems. Previously geometry allowed 
us to solve two-dimensional problems. The simplex method could also be used to solve assignment 
problems, but it is not as effective as the Hungarian method. 
32.2. The system randomly selects and displays a concept card from our pack. If a particular card carries an 
item that does not seem to solve any problem, another card is selected. 
32.3. The student has to identify and describe a problem that the card solves. To help him identify the 
function, he can perform an AGO (Aims, Goals and Objectives) on the concept. 
He can then continue and suggest another way how the problem could have been tackled, if such a way 
exists. 
32.4. The student's answer is stored. 
32.5. The system provides his interpretation. 
32.6. The student compares his answer with that of the system. 
32.7. The process is repeated five times. 
33. The Six Hats Thinking and Teaching Game 
33.1. The system randomly generates a number card from the pack. It is matched up with its corresponding LP 
situation card (examples thereof are depicted below) which is then presented to the student. 
33.2. The system "rolls" the six hats dice which shows the six different color hats that correspond to six 
different approaches to thinking. 
33.3. When the dice shows the red hat, the student has to express his immediate, instinctive feelings about the 
situation. When the dice shows the black hat, the student has to identify the dangers and difficulties of 
the situation. When the dice shows the yellow hat, the student has to decide what benefits there are to 
the situation. When the dice shows the green hat, the student has to say think creatively about the 
situation and suggest changes and modifications. When the dice shows the white hat, the student has to 
ask what information are available about the situation, what information would he like to know and what 
information would he actually need to know. When the dice shows the blue hat, the student has to say 
how he would organize the thinking about the given situation (for example, propose a sequence of hats to 
be applied to the situation). 
33.4. The game ends only after the student has at least applied each approach to thinking to three situations. 
33.5. The system always provides his application of the six thinking hats to the selected LP situation cards. 
The student can then compare his thoughts with that of the system. 
34. Example LP Situation Cards for The Six Thinking Hats Game 
34.1. Since it is possible to also solve transportation and assignment problems with the two phase method, it is 
unnecessary to learn about the Vogel's method, the transportation algorithm and the Hungarian method. 
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34.2. Students should only learn how to build mathematical models of LP problems and how to interpret the 
solutions thereof. There is no need to understand how a solution was reached - a computer package is, 
after all,. used for this pirrpose (a computerized problem solver). 
34.3 . Etc. 
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Appendix 14 
De Bono's Creativity and Thinking Tools and Different Aspects of 
Thinking 
De Bono's thinking programmes contain a number of thinking tools, Students interested in developing their 
thinking skills are challenged in these programmes to apply these tools to a number of problem-solving 
scenarios. These thinking tools include the following: PMI, APC, CAF, C & S, FIFO, FIP, EBS, ADI, OPV, 
HV & LV, The Dice Method, The Easy Way Out Method, The Spell Out Method, Buriden's Ass Method, The 
Ideal Solution Method, The Best Home Method, The What-if ... Method, The Simple Matrix Method, The Full 
Matrix Method, The Laziness Method, AGO, TEC, PISCO, TEC-PISCO and TO/LOPOSO/GO (De Bono, 
1993c; De Bono, 1994). A brief explanation of each is provided below. In the section thereafter each of these 
tools is mapped onto specific aspects of thinking, and in the final section examples are given of problem-solving 
scenarios onto which these tools can be applied. 
1. An Explanation of De Bono's Thinking Tools 
1.1. PMI Thinking Tool - An Explanation 
P stands for Plus or the good points; 
M stands for Minus or the bad points; 
I stands for Interesting or the interesting points. 
1.2. APC Thinking Tool - An Explanation 
A stands for Alternatives; 
P stands for Possibilities; 
C stands for Choices. 
1.3. CAF Thinking Tool - An Explanation 
CAF stands for Consider All Factors. 
1.4. C & S Thinking Tool - An Explanation 
C stands for Consequence; 
S stands for Sequel. 
1.5. FI-FO Thinking Tool - An Explanation 
FI represents inFormation In; 
FO represents inFormation Out. 
Deliberate survey of what is already available and that which is still required. 
1.6. FIP Thinking Tool - An Explanation 
FIP stands for First Important Priorities. 
1.7. EBS Thinking Tool- An Explanation 
EBS stands for Examine Both Sides. 
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A stands for Agreement; 
D stands for Disagreement; 
I stands for Irrelevance. 
1.9. OPV Thinking Tool - An Explanation 
OPV stands for Other People's View. 
1.10. HV & LV Thinking Tool- An Explanation 
HV stands for High Values (the ones that determine action); 
LV stands for Low Values (the ones which have to be taken into account). 
1.11. The Dice Method - An Explanation 
List all the alternatives and just throw a dice to decide which one is to follow. 
1.12. Easy Way Out Method- An Explanation 
539 
In the end decisions not only have to be made but they also have to be acted upon. Clearly some alternatives are 
much easier to choose and act upon than others. The "easy way out" method places the emphasis on this. What 
is the easiest alternative to choose? This may, of course, vary from one personality to another, so the choice is 
subjective. 
1.13. The Spell Out Method - An Explanation 
Here the decider imagines that he has chosen each alternative in turn. In each case he imagines that he is 
describing to a friend why he has made that decision: 
reasons for choice; 
written down; and 
which one sounds best, makes the most sense? 
1.14. Buriden's Ass Method- An Explanation 
This mythical ass was placed at exactly the mid-point between two exactly equal bundles of hay. The ass 
starved to death because at no instant could it decide which bundle of hay to approach! The balance was so 
exactly equal that the ass was immobilized. 
The decision maker does his very best to "knock" or make unattractive each alternative in turn. If he succeeds 
there is no pain in giving them up and the best decision emerges. 
1.15. The Ideal Solution Method- An Explanation 
In this method the alternatives are listed - and then ignored. Instead an ideal solution is fashioned for the 
situation. The general shape of this ideal solution is considered. It should not be detailed but the characteristics 
should be noted. The list of alternatives is now uncovered and examined to see which of them approaches the 
nearest to the ideal solution. 
1.16. The Best Home Method- An Explanation 
The best "home" for an idea is that situation or context in which the idea would thrive. Just as in a room there 
may be the best setting for a vase of flowers or in a rugby team there may be the best position for a certain 
player, so we can describe the best setting or "home" for a particular idea. 
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1.17. The "What if ... ?" Method- An Explanation 
Different "what if...?" type changes are made in the circumstances to see at what point an alternative suddenly 
stops being attractive. 
1.18. The Simple Matrix Method- An Explanation 
On one side of the grid you list the alternatives. Along the top you list the qualities you are looking for. In the 
boxes you indicate how a particular alternative relates to that particular quality. In the simple matrix method an 
attempt is made to pick out the crucial qualities that would be required for any decision. Without these qualities 
the decision would not make sense. 
1.19. The Full Matrix Method- An Explanation 
Here the matrix lists ALL the priorities and values and considerations that need to go into the decision. They 
are all laid from the beginning. Each alternative is examined to see which qualities it possesses. In the end 
those alternatives showing the most qualities are looked at again. At this point another decision method could 
be used. It must be added that it is rather dangerous simply to take the alternative with the most qualities 
because the qualities are not of equal importance. 
1.20. The Laziness or FGL Method - An Explanation 
FGL stands for Fear Greed Laziness. This method is closely related to human nature. Each alternative is 
examined to see what contribution fear, greed and laziness would make to the choice of that alternative. The 
motivating force behind a decision is investigated. 
1.21. The AGO Thinking Tool - An Explanation 
AGO stands for Aims Goals Objectives. 
1.22. The TEC Framework - An Explanation 
T stands for Target and Task; 
E stands for Expand and Explore; 
C stands for Contract and Conclude. 
1.23. The PISCO Framework - An Explanation 
P stands for Purpose; 
I stands for Input; 
S stands for Solutions; 
C stands for Choice; 
0 stands for Operation. 
1.24. TO/LOPOSO/GO Thinking Structure - An Explanation 
Where are we going TO? TOwards what are we going? 
What have we here? LOoking around. 
PO stand for PrOvocation - suggestions, proposals, possibilities, hypotheses, speculations, constructive ideas, 
green hat thinking. 
SO, what does this amount to? SO, what do we have here? 
GO implies action. Let's GO. 
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2. Mapping De Bono's Thinking Tools on Specific Aspects of Thinking 
The following mappings can be made: 
PMI is mapped onto the following aspects of thinking: Concepts, analysis, judgement. 
APC is mapped onto the following aspects of thinking: Alternatives, possibilities and comparison and choice. 
CAF is mapped onto the following aspects of thinking: Perception, alternatives and possibilities. 
C & Sis mapped onto the following aspects of thinking: Recognition.and possibilities. 
FIFO is mapped onto the following aspects of thinking: Concepts, analysis and judgement. 
FIP is mapped onto the following aspects of thinking: Concepts, analysis, judgement, and comparison and 
choice. 
EBS is mapped onto the following aspects of thinking: Perception, values and feelings and alternatives. 
ADI is mapped onto the following aspects of thinking: Perception, values and feelings, and comparison and 
choice. 
OPV is mapped onto the following aspects of thinking: Perception and values and feelings. 
HV & LV is mapped onto the following aspects of thinking: Perception and values and feelings. 
The Dice Method is mapped onto the following aspects of thinking: Alternatives and comparison and choice. 
The Easy Way Out Method is mapped onto the following aspects of thinking: Alternatives, judgement, and 
comparison and choice. 
The Spell Out Method is mapped onto the following aspects of thinking: Alternatives, analysis, judgement and 
comparison and choice. 
Buriden's Ass Method is mapped onto the following aspects of thinking: Alternatives, values and feelings, 
judgement and comparison and choice. 
The Ideal Solution Method is mapped onto the following aspects of thinking: Alternatives, design, judgement, 
and comparison and choice. 
The Best Home Method is mapped onto the following aspects of thinking: Design and comparison and choice. 
The What-if... Method is mapped onto the following aspects of thinking: Alternatives, possibilities, judgement, 
and comparison and choice. 
The Simple Matrix Method is mapped onto the following aspects of thinking: Alternatives, analysis, judgement 
and comparison and choice. 
The Full Matrix Method is mapped onto the following aspects of thinking: Alternatives, analysis, perception, 
values and feelings, comparison and choice, and design. 
The Laziness Method is mapped onto the following aspects of thinking: Alternatives, values and feelings, 
perception, comparison and choice. 
AGO is mapped onto the following aspects of thinking: Concepts, analysis, design and problem-solving. 
TEC is mapped onto the following aspects of thinking: Analysis, alternatives, possibilities, perception, values 
and feelings, judgement, design, comparison and choice, and problem-solving. 
PISCO is mapped onto the following aspects of thinking: Analysis, alternatives, possibilities, perception, values 
and feelings, judgement, design, comparison and choice, and problem-solving. 
TEC-PISCO is mapped onto the following aspects of thinking: Analysis, alternatives, possibilities, perception, 
values and feelings, judgement, design, comparison and choice, and problem-solving. 
TO/LOPOSO/GO is mapped onto the following aspects of thinking: Analysis, alternatives, possibilities, 
perception, values and feelings, judgement, design, comparison and choice, and problem-solving. 
3. Problem Solving Scenarios for De Bono's Thinking Tools 
3.1. PMI Thinking Tool - Problem Solving Scenarios 
Since the simplex method can also be used to solve transportation and assignment problems, it was suggested to 
only teach students this method and to omit Vogel's method, the transportation algorithm and the Hungarian 
solution technique from the LP curriculum. Do a PMI on this suggestion. 
Software packages that automatically solve LP problems and perform a comprehensive sensitivity analysis on 
the corresponding optimal solution are readily available. Do a PMI on the consequent exclusion of solution 
procedures and sensitivity analysis techniques from the LP curriculum. 
Perform a PMI in order to determine the advantages and limitations of LP. 
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3.2. APC Thinking Tool - Problem Solving Scenarios 
Perform a brief literature study on solution techniques for LP problems. Make a list of all the alternatives and 
try to compile a list of if-then rules that indicate in which circumstances a specific solution techniques is best. 
Try to read about both traditional, simplex type solution procedures and new interior point algorithms. Use the 
APC thinking tool as an aid. 
Compile a list of application areas for linear programming and try to classify these examples into different 
classes. Use the APC thinking tool. 
3.3. CAF Thinking Tool - Problem Solving Scenarios 
Select a LP problem from the database of LP problems. Suppose you are responsible to implement the model. 
Utilize the CAF thinking tool to help you in setting up an action plan for its implementation. Make sure you are 
keeping all relevant things in mind. 
Utilize the CAF thinking tool to help you in performing an effective sensitivity analysis of the optimal solution 
to a LP problem. Select examples from the database of LP problems and run the appropriate sensitivity analysis 
procedures. 
3.4. C & S Thinking Tool - Problem Solving Scenarios 
Software packages that automatically solve LP problems and perform a comprehensive sensitivity analysis on 
the corresponding optimal solution are readily available. What effect will a consequent exclusion of solution 
procedures and sensitivity analysis techniques from the LP curriculum have on the knowledge and skills of 
future operations researchers? Use the C&S technique to help you in formulating an answer. 
Relate the C&S thinking tool to sensitivity analysis. Compile a list of C&S statements and perform the resulting 
analysis on an example from our database. 
3.5. FI-FO Thinking Tool- Problem Solving Scenarios 
Utilize the FIFO technique to help you decide whether you think the modules on the sensitivity analysis of LP 
problems should be included in the curriculum or not. Pay specific attention to what you can potentially get out 
of or gain by learning about it. 
What do you gain by first classifying LP problems before building mathematical models thereof (by filling the 
appropriate frames) . Do a FIFO. 
3.6. FIP Thinking Tool - Problem Solving Scenarios 
You are assigned the task of formulating a procedure to build mathematical models of linear programming 
problems. You can refer to the relevant modules in our curriculum to identify the various steps. Use the FIP 
thinking tool to identify the most important steps. 
Select a LP problem from the database of LP problems. Suppose you are responsible to implement the model. 
Utilize the CAF and FIP thinking tools to help you in setting up an action plan and to identify the FIP for its 
implementation. 
3.7. EBS Thinking Tool- Problem Solving Scenarios 
Examine the thinking on both sides of the following statement: "Despite the general availability of software on 
LP solution techniques, it is still essential for students to learn the basic mathematical principles underlying 
these techniques" . 
Examine the thinking on both sides of the following statement (by applying the EBS technique) : "We (the 
students) should only be taught HOW to model and solve LP problems, and not WHY these techniques work. 
Unlike researchers and pure mathematicians who are interested in proofs and theoretical foundations, we only 
want to have the skills to model and solve LP problems." 
Stellenbosch University  https://scholar.sun.ac.za
543 
3.8. ADI Thinking Tool - Problem Solving Scenarios 
Perform an ADI on the following statement: 
If a general linear maximization program is feasible and the objective variable is bounded above for all feasible 
solutions, the program has an optimal solution. 
Perform an ADI on the following statement: 
A minimum assignment problem always has at least one optimal solution. 
Perform an ADI on the following statement: 
For a minimum assignment problem, an optimal assignment will never use the most costly choice. 
Perform an ADI on the following statement: 
An assignment problem cannot be represented as a linear program and, therefore, cannot be solved as a linear 
program by the simplex algorithm. 
3.9. OPV Thinking Tool - Problem Solving Scenarios 
Use the OPV technique to list a number of different ways in which LP are seen by different people. Think, for 
example, about the views of mathematicians, management scientists and business people. 
Use the OPV technique to explore the feelings of a LP-illiterate person. Use this knowledge to formulate an 
explanation which will help such a person to understand LP and its potential. 
3.10. HV & LV Thinking Tool- Problem Solving Scenarios 
You are responsible for the implementation of an assignment model in a large company. The way in which the 
Hungarian method assigns people to jobs results in an elderly worker not been assigned to any job. The head of 
this department is being pressured to get rid of this person. Do a HV &LV. 
An overseas developing corporation currently invests a lot of money in the South African economy. They want 
to create wealth and help develop the people of the new South Africa. A recent LP model, however, indicated 
that they should rather invest their money in the fast growing economies of the East than in the low ROI RDP 
projects of South Africa. Do a HV &LV and advise them about what they should do. (ROI RDP = Return On 
Investment Reconstruction and Development) 
3.11. The Dice Method- Problem Solving Scenarios 
Can the DICE method be used to classify LP problems before a mathematical model is built thereof? Explain 
how. 
How can the DICE method be used in the simplex method? (Think about selecting entering and departing 
variables.) 
3.12. Easy Way Out Method- Problem Solving Scenarios 
You can either use a simplex type solution procedure, or a new interior point algorithm to solve a large scale 
linear programming problem. Although the new algorithm is much faster you are unfamiliar with it. Use the 
Easy Way Out Method to decide on which alternative to choose. 
How can the Easy Way Out method be used in the simplex method? (Think about selecting entering and 
departing variables.) 
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You are working as a consultant for a large company. They are investigating the possible reshuffling of their 
staff in order to save money and be more productive. Your assignment model resulted in a possible saving of 
5% in company compensation expenses. It would, however, mean a complete reshuffling of staff. Use the APC 
technique and the Easy Way Out method to make a recommendation to management about what they should do. 
3.13. The Spell Out Method - Problem Solving Scenarios 
You are working as a consultant for a large company. They are investigating the possible reshuffling of their 
staff in order to save money and be more productive. Your assignment model resulted in a possible saving of 
5% in company compensation expenses. It would, however, mean a complete reshuffling of staff. Use the APC 
technique and the spell out method to make a recommendation to management about what they should do. 
Explain and illustrate, within the context of our curriculum, how the Spell Out Method can be used in 
formulating LP models (Hint: Make a list of all possible frames and explain under which circumstances will 
each be chosen). Illustrate with examples from our database of problems. 
3.14. Buriden's Ass Method- Problem Solving Scenarios 
Use the generic questioning module to generate a product mix problem. Solve it, and perform a sensitivity 
analysis on the optimal solution. Set yourself the goal of attaining a specific profit level. Try reaching it by 
changing either objective function values or RHS values. Then use Buriden's Ass Method to decide which 
alternative is best. 
Use the generic questioning module to generate a transportation problem. Solve it, and perform a sensitivity 
analysis on the optimal solution. Set yourself the goal of increasing the flow on a specific route onto a specific 
level. Try reaching it by either using the same supply and demand vectors and making deliberate use of the 
specific route, or by increasing/decreasing certain demands and supplies. Then use Buriden's Ass Method to 
decide which alternative is best. 
3.15. The Ideal Solution Method - Problem Solving Scenarios 
Three vacancies exist within a company. Nine very promising applications were identified. Use the ideal 
solution method to construct a profile for each of the vacancies. Then utilize an assignment model to determine 
the ideal assignment. Your task is then to use this information (and that from the candidates' applications) to 
make a recommendation to management on which candidates should be employed. Construct an example from 
our database of problems. 
Explain how the Ideal Solution Method can be used in classifying and modeling LP problems. Think in terms 
of the instantiation of frames, the asking of key questions, and so forth. Apply your theory to a range of 
problems from our database of problems. 
3.16. The Best Home Method- Problem Solving Scenarios 
Undertake a literature study and learn about conventional simplex type solution methods, new interior point 
algorithms and parallel algorithms for the solution of LP problems. Then use the Best Home Method to decide 
on a set of if-then rules that will indicate when it is best to use which method to solve LP's. 
It was decided by the top management of our institution to investigate the possibility of utilizing computers and 
the internet on a large scale in teaching. Use the Best Home Method to identify the topic within our LP 
curriculum that could be used during a pilot project. 
Take a pack of blank cards and write each of the concepts of our LP curriculum on a separate card. Select any 
card from the pack (at random). Now use the Best Home Method to determine to which module the 
corresponding concept belong. 
3.17. The "What if ... ?" Method- Problem Solving Scenarios 
Use the generic questioning module to generate either a product mix or a blending problem. Solve it, and 
perform an objective function and RHS sensitivity analysis on the optimal solution. Then generate a whole 
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range of what-if scenarios. First think what will happen to the optimal solution and then use our computerized 
problem solver to measure your gut feel against. (Add and remove variables and constraints, and change 
objective function and RHS values.) · 
Use the generic questioning module to generate a transportation problem. Generate a whole range of different 
what-if scenarios and anticipate what their effect will be. Use our computerized problem solver to test your 
theories. (generate scenarios that corresponds to the 5 sensitivity analyses modules of our curriculum). 
3.18. The Simple Matrix Method- Problem Solving Scenarios 
Utilize the Simple Matrix Method to develop a method that successfully classify and model the LP problems 
within out curriculum. Illustrate it with examples from our six classes. 
Undertake a literature study and learn about conventional simplex type solution methods, new interior point 
algorithms and parallel algorithms for the solution of LP problems. Then use the Simple Matrix Method to 
construct a set of if-then rules that will indicate when it is best to use which method to solve LP's . 
Do an APC to fmd alternative solutions to the problems of assigning workers to tasks and to make investments 
in certain stocks. Then use the Simple Matrix Method to evaluate the different options. 
3.19. The Full Matrix Method- Problem Solving Scenarios 
Utilize the Full Matrix Method to develop a method that can potentially classify and model both the LP 
problems within out curriculum, and some others not falling into our six classes. You therefore will have to 
gather some more LP examples. Show that your theory works! Do you think it is possible to construct a 
comprehensive modeler which will be capable of modeling virtually any LP problem? Motivate your answer. 
Undertake a literature study and learn about conventional simplex type solution methods, new interior point 
algorithms and parallel algorithms for the solution of LP problems. Then use the Full Matrix Method to 
construct a set of if-then rules that will indicate when it is best to use which method to solve LP's. 
Do an APC to find alternative solutions to the problems of assigning workers to tasks and to make investments 
in certain stocks. Then use the Full Matrix Method to evaluate the different options. 
3.20. The Laziness or FGL Method - Problem Solving Scenarios 
You can either use a simplex type solution procedure, or a new interior point algorithm to solve a large scale 
linear programming problem. Although the new algorithm is much faster you are unfamiliar with it. Use the 
FGL Method to decide on which alternative to choose. 
You are responsible for the implementation of an assignment model in a large company. The way in which the 
Hungarian method assigns people to jobs results in an elderly worker not been assigned to any job. The head of 
this department is being pressured to get rid of this person. Use the FGL method to decide on which alternative 
to choose. 
Study the procedure in our curriculum that classifies the LP problems in our database. Explain how the DICE 
and FGL methods can be combined and used as a substitute for this method. Will it result in a reliable method? 
Hint: Think in terms of the various frames . 
3.21. The AGO Thinking Tool - Problem Solving Scenarios 
Apply the AGO thinking tool to each of our modules. Use it to identify the goals and objectives of each 
module. 
Explain how the AGO thinking tool is used in the modeling of LP problems. Utilize it to identify the objectives, 
the constraints, the variables, etc. 
Make sure that you know the AGO's of each concept in our curriculum. 
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3.22. The TEC Framework- Problem Solving Scenarios 
Use the TEC framework to forillulate a procedure for the classification and modeling of LP problems. Motivate 
your answer with demonstrations from our curriculum. 
Use the TEC framework to describe a procedure for sensitivity analysis. Illustrate it with examples from our 
database. 
Use the TEC framework to explain how a LP model should be implemented. Illustrate it with examples from 
our database. 
Apply the TEC framework to the modeling life cycle and explain the relationships between the different phases 
of the cycle and the different steps in the framework. 
3.23. The PISCO Framework- Problem Solving Scenarios 
Use the PISCO framework to formulate a procedure for the classification and modeling of LP problems. 
Motivate your answer with demonstrations from our curriculum. 
Use the PISCO framework to describe a procedure for sensitivity analysis. Illustrate it with examples from our 
database. 
Use the PISCO framework to explain how aLP model should be implemented. Illustrate it with examples from 
our database. 
Apply the PISCO framework to the modeling life cycle and explain the relationships between the different 
phases of the cycle and the different steps in the framework. 
3.24. The TEC-PISCO Framework- Problem Solving Scenarios 
Use the TEC-PISCO framework to formulate a procedure for the classification and modeling of LP problems. 
Motivate your answer with demonstrations from our curriculum. 
Use the TEC-PISCO framework to describe a procedure for sensitivity analysis. Illustrate it with examples from 
our database. 
Use the TEC-PISCO framework to explain how aLP model should be implemented. Illustrate it with examples 
from our database. 
Apply the TEC-PISCO framework to the modeling life cycle and explain the relationships between the different 
phases of the cycle and the different steps in the framework. 
3.25. TO/LOPOSO/GO Thinking Structure - Problem Solving Scenarios 
Do you think the TO/LOPOSO/GO framework can be used as an aid in the building of mathematical models of 
LP problems? Make connections between the different steps (TO, LO, PO, SO and GO) of the technique and 
the different phases of the model building process. 
Utilize the TO/LOPOSO/GO structure to set up a study schedule of the LP curriculum. Spell out the goals of 
the study, the methods you would prescribe in order for someone to attain these goals and an action plan that 
explains how these goals will be achieved. 
Use the TO/LOPOSO/GO framework to formulate a procedure for the classification and modeling of LP 
problems. Motivate your answer with demonstrations from our curriculum. 
Use the TOILOPOSO/GO framework to explain how a LP model should be implemented. Illustrate it with 
examples from our database. 
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Appendix 15 
Demonstration Programs on CD: Where to Get and How to Run 
Them 
1. MS-DOS- and Windows 95 Demonstrations 
When the author initially started with this study, MS DOS was still the operating system in use in his computing 
environment (1992). Many of the demonstration programs were consequently developed in a DOS 
environment. They can, however, be run in DOS-mode within Windows 95 (from the Start menu). A full-scale 
implementation of the conceptual framework will convert these modules into the Windows environment. The 
EasyTutor suite from Interactive Educational Software (http://www.easyteach.com) was identified for this 
purpose and was already used in the demonstration programs for the various teaching I tutoring and learning 
assistant, the domain- and motivational based planning assistant and CATS BA TILE. 
The following list of demonstration programs were developed to complement the text and to illustrate the most 
important components of my conceptual framework (Numbers 1 to 36 describe the DOS-based programs and 
numbers 37 to 45 the Windows-based programs): 
MS-DOS-based Demonstration Programs 
1. A NLU based system to build mathematical models of LP problems directly from textbook descriptions of 
the problems. It can handle approximately 120 problems from 6 classes (product mix, blending, 
transportation, assignment, production scheduling and investment). See chapter 3 and appendices 2, 3, 4 
and 5. 
2. Procedures to solve the LP problems from the six classes mentioned in (1). Procedures for the two phase 
method, Vogel's method, the transportation algorithm, the Hungarian method and the dual simplex method 
are therefore available. See chapter 3. 
3. Procedures to perform a sensitivity analysis on the solution of product mix- and transportation problems. 
See chapter 3. 
4. An EPSS teaching students how to solve LP problems with the simplex method. See chapter 4. 
5. A point-and-query interface applied to a small subset of the LP curriculum. See chapter 4. 
6. A procedure that provides coaching on the simplex method. See chapter 4. 
7. A procedure that provides demonstrations of specific techniques, for example the simplex method. See 
chapter 4. 
8. Procedures to provide traditional drill-and-practice exercises on the simplex method. See chapter 4. 
9. An implementation of a monitoring facility, illustrated by applying it to the solution of LP problems with 
the simplex method. See chapter 4. 
10. Implementations of a number of teaching games, including rummy and some of the thinking games from 
(De Bono, 1996). It is combined with a coaching module on the simplex method (resulting in a system 
learning a student about LP while he plays). See chapter 4 and 9 and appendices 13. 
11. A facility that provides students with the opportunity to build mind maps (as summaries, for example). See 
chapter 4. 
12. Procedures that implement mind maps as presentation tools. It is illustrated with an application on the LP 
curriculum. See chapter 4. 
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13. Simple computer graphics procedures that implement animated flow and step charts, with explanations, for 
all the modules of the proposed LP curriculum. ~ee chapter 4. 
14. Simple computer graphics procedures that implement animated pictures of LP problems (describing it in 
visual terms directly from textbook descriptions). See chapter 4. 
15. Visualizations of the sensitivity analysis procedure, illustrating it by applying it to two dimensional product 
mix problems. See chapter 4. 
16. Procedures to handle presentation elements "explanations, examples, diagrams, the asking of stimulating 
questions, descriptions, pseudo codes, a navigation facility, case studies and the provision of a time for the 
student to reflect/think". Their usage are illustrated by applying them to the solution of LP problems with 
the simplex method. See chapter 4. 
17. An implementation of a simple computerized adaptive testing procedure applied to the simplex method. 
See chapter 4. 
18. A generic questioning module as a generator of LP scenarios. It is illustrated by applying it to product mix 
problem examples. See chapter 3. 
19. A computer mind map implementation of the guidance and advice module of an "artificial psychologist". It 
provides advice to users about time management, motivation, goal setting, study habits, procrastination and 
emotional matters. See chapter 5 and appendix 7. 
20. Procedures that administer the different LSI's: Kolb's LSI, A MBTI Test, La Haye's Temperament test, the 
VVQ, a Study Preference Guide, and a modified version ofNeethling's Brain Profile test. See chapters 6, 7 
and 8 and appendix 6. 
21. An implementation of De Bono's thinking skills and an application thereof within an exploratory 
environment for the "gifted" . See chapter 9 and appendix 14. 
22. Information sources ("kiosks") on teaching and learning styles. See chapters 6, 7 and 8. 
23. My original implementation of a model of tutoring and learning that is based on a model of teaching and 
learning that was developed by Felder and Silverman (Felder & Silverman, 1988) for engineering 
education. See chapters 7 and 8. 
24. An implementation of a model of tutoring and learning that is based on a model of left and right brain 
preferences (Neethling & Rutherford, 1996). See chapters 7 and 8. 
25. A Turbo Pascal implementation of an inference engine for fuzzy expert systems. See chapter 8. 
26. Fuzzy versions of Kolb's LSI, A MBTI Test, La Haye's Temperament test, the VVQ, a Study Preference 
Guide, and a modified version ofNeethling's Brain Profile test). See chapter 8. 
27. A general purpose fuzzy decision making system. See chapter 8 and appendix 11. 
28 . An implementation of a fuzzy model of tutoring and learning (Felder and Silverman's model (Felder & 
Silverman, 1988)). A set of fuzzy expert systems were utilized to select appropriate presentation elements 
for a specific student, and a fuzzy decision making system to identify the most appropriate tutoring mode 
for that student. See chapter 8 and appendices 9 and 11.. 
29. An implementation of a fuzzy model of tutoring and learning that is based on left and right brain 
preferences. A fuzzy implementation of Neethling's Brain Profile Test was utilized to select the most 
appropriate presentation elements for a specific student, and to construct an appropriate tutoring strategy. 
See chapter 8. 
30. An implementation of a fuzzy model that continually update the system's estimate of the student's expertise 
in LP. See chapter 10. 
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31. Procedures that implement an assessment matrix that monitors the student's progress through the learning 
material, keeps a record of both recommended tutoring strategies and strategies actually used and chosen by 
the student, determines · the student's level of expertise, diagnoses possible problem areas, launches 
remediative actions, and intelligently identifies the most successful strategies. It is incorporated in an 
implementation of an unstructured approach towards tutoring. See chapters 10 and 11 . 
32. Procedures that implement Quinlan's ID3 induction algorithm (Thompson & Thompson, 1986) and 
combine it with the assessment matrix (mentioned above). It is then used to intelligently identify and 
select the most successful strategies for a student. A hypothetical example illustrates this procedure. See 
chapters 1 0 and 11. 
33. Procedures that implement a simple backpropagation neural network and combine it with the assessment 
matrix (mentioned above). It is then used to intelligently identify and select the most successful strategies 
for a student. A hypothetical example illustrates this procedure. See chapter 10. 
34. A domain- and motivational based planner that controls the tutoring process. It is illustrated by 
incorporating it in an implementation of a model of tutoring and learning that is based on left and right 
brain preferences. See chapter 11. 
35. An implementation of an unstructured approach towards tutoring. It is applied to the teaching of the 
simplex method. The standard version of an EPSS is used to accomplish this. See chapters 4 and 8. 
36. A tutoring environment that is based on left- and right brain preferences, also applied to the teaching of the 
simplex method. See chapters 8 and 11. 
Windows-based Demonstration Programs 
37. A teaching I tutoring and learning assistant that implements a model of teaching I tutoring and learning 
that is based on Kolb's learning style inventory. See chapters 7 and 8. 
38. A teaching I tutoring and learning assistant that is based on personality types. See chapters 7 and 8. 
39 A teaching I tutoring and learning assistant that implements a model of teaching and learning that is 
based on Felder, Silverman and Soloman's research. See chapters 7 and 8. 
40 A teaching I tutoring and learning assistant that implements a model of teaching and learning that is 
based on visual, auditory and kinesthetic (V AK) preferences. See chapters 7 and 8, 
41 A teaching I tutoring and learning assistant that implements a model of teaching and learning that is 
based on Gardner's theory of multiple intelligences. See chapters 7 and 8. 
42 A domain- and motivational based planning assistant for teachers: IF-THEN Rules. See chapter 11. 
43 An implementation of a thinking style based approach to individualized teaching I tutoring and learning. 
See chapter 9. 
44 An implementation of a thinking style based approach to the individualized teaching and learning of 
thinking skills. See chapter 9. 
45 An implementation of CATS BA TILE - a Computer Assisted Thinking Style Based Assistant for 
Thinking, Teaching and Learning Exploration. See chapter 9. 
These demonstration programs are provided on the CD that accompanies this text. Instructions on their usage 
(where to get and how to run them) are provided in sections 2 to 19 below. All of them, including the DOS-
based programs, should be run from the Start Menu in Windows. Detailed instructions are provided for the 
DOS-based programs (sections 2 to 19). The Windows screen should be maximized for the DOS-based 
programs. Only installation instructions are provided for the Windows-based programs. Screen shots of their 
usage were reproduced in chapters 7, 8, 9 and 11, and should help the reader in mastering these modules. A 
display area of 640x480 should be used for the Windows-based programs. 
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2. Demonstration Programs for the NLU-based Modeler and Solver 
2.1. Installation Procedure 
1. Create subdirectory C: \George\prodmix, copy the compressed file prodmix.zip from the CD to 
c:\George\prodmix and pkunzip prodmix.zip. 
2. Create subdirectory C:\George\blend, copy the compressed file blend.zip from the CD to c:\George\blend 
and pkunzip blend.zip. 
3. Create subdirectory C:\George\trans, copy the compressed file trans.zip from the CD to c:\George\trans 
and pkunzip trans.zip. 
4. Create subdirectory C:\George\assign, copy the compressed file assign.zip from the CD to 
c:\George\assign and pkunzip assign.zip. 
5. Create subdirectory C:\George\prodsche, copy the compressed file prodsche.zip from the CD to 
c:\George\prodsche and pkunzip prodsche.zip. 
6. Create subdirectory C:\George\invest, copy the compressed file invest.zip from the CD to 
c:\George\invest and pkunzip invest.zip. 
2.2. Demonstrating the Modeling, Solution and Sensitivity Analysis Procedures -
Instructions to Introduce the System to the User 
I. Run Mizctrl.exe to start demonstrating how the NLU-based modeler builds mathematical models of 
product mix problems. A menu with 16 options (the main menu) is displayed. Options <A>, <D>, 
<G>, <J>, <M>, <N> and <0> are not available in the demonstration version. 
2. Type B to load an existing product mix problem. Anyone of the following product mix problem 
descriptions can be chosen: prmix2.dat, prmix3.dat, prmix5.dat, prmix6.dat, prmix7.dat, prmix8.dat, 
prmix9.dat, prmixl3.dat, prmix14.dat, prmix15.dat, prmix16.dat, prmixl7.dat, prmixl8.dat, prmix19.dat, 
prmix20.dat, prmix23.dat, prmix24.dat, prmix25.dat, prmix26.dat, prmix27.dat, prmix28.dat, 
prmix29.dat, prmix30.dat, prmix3l .dat, prmix32.dat, prmix33.dat, prmix34.dat, prmix36.dat, 
prmix37.dat, prmix38.dat, prmix39.dat, prmix40.dat, prmix4J.dat, prmix42.dat, prmix43.dat, 
prmix46.dat, or prmix47.dat. For demonstration purposes type <Down>, prmix23.dat, <end> and <Esc>. 
3. Type <C> to display the categorized contextualized dictionary for product mix problems. Type <Enter> 
to proceed from one screen to the next. Continue until the main menu reappears. 
4. Type E to perform a lexical analysis of the problem. 
5. Type F to display the problem description and its lexical pattern. Type <Enter> to proceed to the next 
screen. Type <Enter> again. 
6. Type H to reduce the problem description and -pattern. 
7. Type I to display the updated problem description and pattern. Type <Enter> until the main menu 
reappears. 
8. Type K to perform the semantic processing function. 
9. Type L to display the resulting product mix frame and mathematical model formulation. Type <Enter> 
until the main menu reappears. 
10. Type P to end this NLU-based modeling session. 
11. Run SensAnal.exe to start the solution and sensitivity analysis procedures (for the above-mentioned 
product mix problems). A menu (the main menu) with 13 options is displayed. Options <A>, <C>, 
<J>, <K> and <L> are not available in the demonstration version. 
12. Type B to solve the problem that was modeled above. Type <Enter> to return from the solution screen 
to the main menu. 
13. Type D to perform a complete right-hand-side sensitivity analysis. The results of the analysis are 
displayed. Type <Enter> to continue. 
14. Type E to perform a sensitivity analysis of the objective function. The results of the analysis are 
displayed. Type <Enter> to continue. 
15. Type F to change a component of the original right-hand-side vector. Type <Down>, <Up>, 
parts_division , <Down>, 14 and <end>. The new optimal solution is calculated and displayed. Type 
<Enter> to return to the main menu. 
16. Type G to change a coefficient of the objective function. Type <Down>, <Up>, heaters , <Down>, 20 
and <end>. The new optimal solution is calculated and displayed. Type <Enter> to return to the main 
menu. 
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17. Type H to add a new variable to the optimal solution. Type <Down>, <Up>, kettles, <Down>, 45, 
<Down>, 1, <Down>, 1 and <end>. The new optimal solution is calculated and displayed. Type 
<Enter>. to return to the main menu. · 
18. Type 1 to remove an existing variable from the optimal solution. Type <Down>, heaters and <end>. 
The new optimal solution is calculated and displayed. Type <Enter> to return to the main menu. 
19. Type M to end the sensitivity analysis procedure. 
20. Run blendctr.exe to start demonstrating how the NLU-based modeler builds mathematical models of 
blending problems. A menu with 18 options (the main menu) is displayed. Options <A>, <C>, <E>, 
<H>, <K>, <L>, <M>, <N> and <Q> are not available in the demonstration version. 
21 . Type B to load an existing blending problem. Anyone of the following blending problem descriptions 
can be chosen: blend2.dat, blend3.dat, blend4.dat, blend5.dat, blend6.dat, blend7.dat, blend10.dat, 
blend12.dat, blend13.dat, blend14.dat, blend15.dat, blendl7.dat, blend18.dat, blendl9.dat, blend20.dat, 
blend21.dat, blend22.dat, blend23.dat, blend24.dat, blend25.dat, blend26.dat, blend28.dat, blend29.dat, 
blend32.dat, blend33.dat, blend34.dat, blend35.dat, blend36.dat, blend37.dat, blend38.dat or 
blend39.dat. For demonstration purposes type <Down>, blend5.dat, <end> and <Esc>. 
22. Type <D> to display the categorized contextualized dictionary for blending problems. Type <Enter> to 
proceed from one screen to the next. Continue until the main menu reappears. 
23. Type F to perform a lexical analysis of the problem. 
24. Type G to display the problem description and its lexical pattern. Type <Enter> to proceed to the next 
screen. Type <Enter> again. 
25. Type I to reduce the problem description and -pattern. 
26. Type J to display the updated problem description and pattern. Type <Enter> until the main menu 
reappears. 
27. Type 0 to perform the semantic processing function. 
28. Type P to display the resulting blending frame and mathematical model formulation. Type <Enter> until 
the main menu reappears. 
29. TypeR to end this NLU-based modeling session. 
30. Run Transctr.exe to start demonstrating how the NLU-based modeler builds mathematical models of 
transportation problems. A menu with 15 options (the main menu) is displayed. Options <A>, <C>, 
<E>, <H>, <K> and <N> are not available in the demonstration version. 
31. Type B to load an existing transportation problem. Anyone of the following transportation problem 
descriptions can be chosen: trans1 .dat, trans2.dat, trans3.dat, trans5.dat, trans6.dat, trans7.dat, 
trans8.dat, trans9.dat, trans10.dat, trans1l .dat, trans14.dat, trans15.dat, trans16.dat, trans17.dat, 
trans18.dat, trans19.dat, trans20.dat, trans2l.dat, trans22.dat or trans23.dat. For demonstration 
purposes type <Down>, trans5.dat, <end> and <Esc>. 
32. Type <D> to display the categorized contextualized dictionary for transportation problems. Type 
<Enter> to proceed from one screen to the next. Continue until the main menu reappears. 
33. Type F to perform a lexical analysis of the problem. 
34. Type G to display the problem description and its lexical pattern. Type <Enter> to proceed to the next 
screen. Type <Enter> again. 
35. Type 1 to reduce the problem description and -pattern. 
36. Type J to display the updated problem description and pattern. Type <Enter> until the main menu 
reappears . 
37. Type L to perform the semantic processing function. 
38. Type M to display the resulting transportation frame and mathematical model formulation. Type 
<Enter> until the main menu reappears. 
39. Type 0 to end this NLU-based modeling session. 
40.· Run Solvetr.exe to start the solution and sensitivity analysis procedures for transportation problems. A 
menu (the main menu) with 8 options is displayed. Option <A> is not available in the demonstration 
verswn. 
41. Type B to solve the problem that was modeled above. The optimal solution is displayed. Type <Enter> 
to continue and return to the main menu. 
42. Type C. Suppose you want to use the route from Denver to Los Angeles. Type <Down>, <Up>, denver, 
<Down>, los_angeles and <end>. The new optimal solution is displayed. Type <Enter> to continue and 
return to the main menu. 
43. Perform the following sensitivity analysis procedure: Type D, <Down>, <Up>, denver, <Down>, 
salt_lake_city, <end>, 20 and <end>. The new optimal solution is displayed. Type <Enter> to continue 
and return to the main menu. 
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44. Perform the following sensitivity analysis procedure: Type E, <Down>, <Up>, chicago, <Down>, 
los angeles, <end>, 40 and <end>. The new optimal solution is displayed. Type <Enter> to continue 
and return to the main menu. . 
45 . Perform the following sensitivity analysis procedure: Type F, chicago, <end>, 50 and <end>. The new 
optimal solution is displayed. Type <Enter> to continue and return to the main menu. 
46. Perform the following sensitivity analysis procedure: Type G, denver, <end>, 35 and <end>. The new 
optimal solution is displayed. Type <Enter> to continue and return to the main menu. 
4 7. Type H to end this session on the sensitivity analysis of transportation problems. 
48 . Run Assignct.exe to start demonstrating how the NLU-based modeler builds mathematical models of 
assignment problems. A menu with 15 options (the main menu) is displayed. Options <A>, <C>, <E>, 
<H>, <K> and <N> are not available in the demonstration version. 
49. Type B to load an existing assignment problem. Anyone of the following assignment problem 
descriptions can be chosen: assignl.dat, assign2.dat, assign3.dat, assign4.dat, assign5.dat, assign6.dat, 
assign7.dat, assignB.dat, assign9.dat, assignJO.dat, assign] J.dat, assignl2.dat, assign13.dat, 
assignl4.dat, assign] 5.dat, assignl6.dat, assignl7.dat or assign] B.dat. For demonstration purposes 
type <Down>, sign9.dat, <end> and <Esc>. 
50. Type <D> to display the categorized contexrualized dictionary for assignment problems. Type <Enter> 
to proceed from one screen to the next. Continue until the main menu reappears. 
51 . Type F to perform a lexical analysis of the problem. 
52. Type G to display the problem description and its lexical pattern. Type <Enter> to proceed to the next 
screen. Type <Enter> again. 
53. Type I to reduce the problem description and -pattern. 
54. Type J to display the updated problem description and pattern. Type <Enter> until the main menu 
reappears. 
55. Type L to perform the semantic processing function. 
56. Type M to display the resulting assignment frame and mathematical model formulation. Type <Enter> 
until the main menu reappears. 
57. Type 0 to end this NLU-based modeling session. 
58. Run Hungaria.exe to use the Hungarian method to solve this assignment problem. The solution is 
displayed. 
59. Run Schedctr.exe to start demonstrating how the NLU-based modeler builds mathematical models of 
production scheduling problems. A menu with 15 options {the main menu) is displayed. Options <A>, 
<C>, <E>, <H>, <K> and <N> are not available in the demonstration version. 
60. Type B to load an existing production scheduling problem. Anyone of the schedl .dat or sched7.dat can 
be chosen. For demonstration purposes type <Down>, schedl.dat, <end> and <Esc>. 
61 . Type <D> to display the categorized contexrualized dictionary for production scheduling problems. 
Type <Enter> to proceed from one screen to the next. Continue until the main menu reappears. 
62. Type F to perform a lexical analysis of the problem. 
63 . Type G to display the problem description and its lexical pattern. Type <Enter> to proceed to the next 
screen. Type <Enter> again. 
64. Type I to reduce the problem description and -pattern. 
65 . Type J to display the updated problem description and pattern. Type <Enter> until the main menu 
reappears. 
66. Type L to perform the semantic processing function. 
67. Type M to display the resulting production scheduling frame and mathematical model formulation. Type 
<Enter> until the main menu reappears . 
68. Type 0 to end this NLU-based modeling session. 
69. Run lnvestcr.exe to start demonstrating how the NLU-based modeler builds mathematical models of 
investment problems. A menu with 15 options (the main menu) is displayed. Options <A>, <C>, <E>, 
<H>, <K> and <N> are not available in the demonstration version. 
70. Type B to load an existing investment problem. Anyone of investl.dat, invest2.dat, invest9.dat, 
investlO.dat, investl5.dat or investl6.dat can be chosen. For demonstration purposes type <Down>, 
invest2.dat, <end> and <Esc>. 
71. Type <D> to display the categorized contexrualized dictionary for investment problems. Type <Enter> 
to proceed from one screen to the next. Continue until the main menu reappears. 
72. Type F to perform a lexical analysis of the problem. 
73. Type G to display the problem description and its lexical pattern. Type <Enter> to proceed to the next 
screen. Type <Enter> again. 
74. Type I to reduce the problem description and -pattern. 
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75. Type J to display the updated problem description and pattern. Type <Enter> until the main menu 
reappears. 
76. Type L to perform the semantic processing function. 
77. Type M to display the resulting investment frame and mathematical model formulation. Type <Enter> 
until the main menu reappears. 
78. Type 0 to end this NLU-based modeling session. 
3. Demonstration Programs for Generic Questioning (Applied to 
Product Mix Problems) 
3.1. Installation Procedure 
Create subdirectory C:\George\genquest, copy the compressed file genquest.zip from the CD to 
c:\George\genquest, and pkunzip genquest.zip 
3.2. Demonstrating the Generic Questioning Procedure - Instructions to Introduce the 
System to the User 
1. Run GenQuest.exe and type M and <end> for the manual mode of generating scenarios. 
2. Type the following sequence of keys: B, prmix2.dat, <end>, <Esc>, E, H, K, P, <Fl>, <Enter>, <F2>, 
<Enter>, <Enter>, <F3>, <Enter>, <F4>, <Down>, <Up>, cutting, <Down>, 8 and <end>. 
3. The new optimal solution is calculated and displayed. Type <Enter> to continue. 
4. Type <F7> to end the sensitivity analysis procedure, and to store the changes. 
5. Type newl.dat and <end>. The newly created product mix problem is displayed. Type <Enter> to 
continue and <F7> to end the generic questioning session. 
6. Run GenQuest.exe and type M and <end> for the manual mode of generating scenarios. 
7. Type the following sequence of keys: B, prmix2.dat, <end>, <Esc>, E, H, K, P, <Fl>, <Enter>, <F2>, 
<Enter>, <Enter>, <F3>, <Enter>, <F5>, <Down>, standard, <end>, <Down>, 85 and <end>. 
8. The new optimal solution is calculated and displayed. Type <Enter> to continue. 
9. Type <F7> to end the sensitivity analysis procedure, and to store the changes. 
10. Type new2.dat and <end>. The newly created product mix problem is displayed. Type <Enter> to 
continue and <F7> to end the generic questioning session. 
11. Run GenQuest.exe and type A and <end> for the automatic mode of generating scenarios. This mode 
can be used to automatically generate an unlimited amount of new material. For demonstration purposes 
the system only creates three new product mix problems. Their descriptions are displayed. Type 
<Enter> to proceed from one description to the next. 
4. Implementations of an EPSS and a CAT - Applied to the Simplex 
Method 
4.1. Installation Procedure 
Create subdirectory C:\George\epsscat, copy the compressed file epsscat.zip from the CD to c:\George\epsscat, 
and pkunzip epsscat.zip 
4.2. Demonstrating an EPSS- Instructions to Introduce the System to the User 
1. Run Simpepss.exe to start the demonstration. A menu (the main menu) with 12 options is displayed. 
Options A, B, ... , J are not fully supported in this version. 
2. Type K to utilize an EPSS applied to the simplex method (as a whole). A second menu (submenu 1) 
with 13 options is displayed. 
3. Type A to receive reasons why the simplex method should be used. Type <Enter>, <Enter>, <Enter> 
and <Enter>. Control is returned, after an explanation has been provided, to submenu 1. 
4. Typing B will normally make a point-and-query interface available which will provide answers to 
questions about the simplex method. Such an interface is not implemented for this part of the 
curriculum. A point-and-query interface applied to LP defmitions was, however, implemented and is 
demonstrated in the section hereafter. 
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5. Type C and a series of <Enter>'s. A list of methods that is related to the simplex method is displayed. 
6. Type D to get the question "How do I do it?" answered. Type <Enter> to navigate you through the 
presentation. A produCt mix problem is randoinly selected from the database of problems, its description 
is provided, its mathematical model is displayed, a structure diagram of the simplex method is provided, 
a flow chart of the simplex method is presented and a demonstration of its usage is conducted. Type 
<Enter> until submenu 1 reappears. 
7. Type E and then a series of <Enter>'s until submenu 1 reappears on the screen. A randomly selected 
product mix problem is solved with the simplex method. The resulting simplex tableaus are displayed. 
8. Type F to receive coaching on the simplex method. Simply follow the instructions carefully. Type 
<F2> whenever help on editing is needed. Animated flow charts, descriptions, practice activities and 
feedback are provided. 
9. Type G to satisfy the request "Advise me ... ". A monitoring system with feedback is an integral part of 
the system's response. Simply follow the instructions provided on the screen. 
10. Type H to take part an drill-and practice activities. Simply follow the instructions provided on the 
screen. 
11. Type I to be monitored while you solve a randomly selected LP problem. Make sure to carefully follow 
the instructions that is provided on the screen. 
12. Type J to be evaluated on solving LP problems with the simplex method. Simply follow the instructions 
carefully. 
13. Type K to read an explanation of exactly how the simplex method works. Use <Enter> to navigate you 
through the explanation. 
14. Type L to learn about options or paths that are available in the system and the curriculum. Use <Enter> 
to navigate you through the list. 
15. Type Mto end the learning session on the simplex method. The main menu will reappear. 
16. Type L to return to aDOS-environment. 
Comment: The EPSS incorporates the following procedures (already mentioned in chapter 1): A procedure that 
provides coaching on the simplex method; a procedure that provides demonstrations of specific techniques, for 
example the simplex method; procedures that provide traditional drill-and-practice exercises on the simplex 
method; an implementation of a monitoring facility, illustrated by applying it to the solution of LP problems 
with the simplex method; procedures displaying a set of theoretical and practical readings on LP; and 
procedures to handle presentation elements "explanations, examples, diagrams, the asking of stimulating 
questions, descriptions, pseudo codes, a navigation facility, case studies and the provision of a time for the 
student to reflect/think". Most of these elements are present in the above-described demonstration. 
4.3. Demonstrating a Point-and-Query Interface - Instructions to Introduce the 
System to the User 
1. Run PandQ.exe to start the demonstration. A menu of point-and-query interface options for LP 
definitions is displayed (the main menu). 
2. Type D to see a list of questions and requests that is associated with "Constraints". Submenu 1 is 
displayed. 
3. Type <F 1> to see a description of "Constraints". Type <Enter> to return control to submenu 1. 
4. Type <F2> to see an illustration of "Constraints" . Press <Enter> until the end of the illustration is 
reached and submenu 1 reappears. 
5. Type <F3> to make a "What is an example of X" query. Submenu 2 is displayed. Type <F5> to return 
to submenu 1. 
6. Type <F4> to make a "How is X defined" query. Submenu 2 is displayed. Type <F7> to return to 
submenu 1. 
7. Type <F5> to possibly see a list of properties of "Constraints". Submenu 2 is displayed. Type <F2> to 
return to submenu 1. 
8. Type <F6> to return control to the main menu. 
9. Further explore LP by typing 0, <F2> and a sequence of <Enter>'s to view an example of the simplex 
method. Type <F6> to return control to the main menu. 
10. Type P to end the point-and-query session. 
Comment: Options <F3>, <F4> and <F5> (described in 5, 6 and 7 above) are implementations of the point-
and-query interface that is described in the text. Options <Fl> and <F2> (described in 3 and 4 above) were 
added to complement the system. 
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4.4. Demonstrating a Computerized Adaptive Testing Procedure - Instructions to 
Introduce the System to the User 
1. Run catsimp.exe to start the demonstration. A menu with 12 options is displayed. 
2. Options A, B, ... , J allow the user to receive a CAT on specific steps within the simplex method, and 
option K enables him to simultaneously receive a CAT on all the steps of the simplex method. Be sure to 
carefully follow the instructions that are provided on the screen. Also remember that <end> is used to 
enter data. 
3. When administering a CAT on specific topics the data for the other steps is automatically inserted in the 
simplex tableau. It is assumed that the user is either a master or a nonmaster on these topics and that it 
therefore is no longer necessary to evaluate the student on these topics. 
4. <F 1> can be used to view the problem formulation under discussion and <F2> will provide you with 
help on editing. 
5. LP problems will continue to be presented to the user until the system has determined whether the 
student is master or a nonmaster on the chosen steps within the simplex method. 
6. Type <L> to end the assessment session. 
5. Demonstration Programs for a Mind Map Presentation of the LP 
Curriculum and a Facility to Build Mind Maps 
5.1. Installation Procedure 
Create subdirectory C:\George\lpmmap, copy the compressed file lpmmap.zip from the CD to 
c:\George\lpmmap, and pkunzip lpmmap.zip 
5.2. Demonstrating a Mind Map Presentation of the LP Curriculum - Instructions to 
Introduce the System to the User 
I . Run lpmmap.exe to start the demonstration. The main menu of the program is displayed. 
2. Type <F> for a mind map of solution procedures for transportation and assignment problems. The mind 
is presented. 
3. Type <M> for more information on the mind map's entries. Submenu 1 is displayed. Options <R>, <Z> 
and <P> are not available in this demonstration version. Option <R> would allow the user to view the 
references that were consulted in compiling this specific mind map and its descriptions, option <Z> 
would allow the user to zoom in on specific entries of the current mind map and to view mind maps 
thereof, and option <P> would allow the user to participate and utilize executable programs to solve LP 
problems of his choice. 
4. Type <V> for more information on Vogel's procedure. Submenu 2 will be displayed. 
5. Type <Fl>, .. . , <F 7> to view detailed descriptions of the different steps in Vogel's procedure. Type 
<Enter> to return to submenu 2. 
6. Type <F8> to return to the submenu 1. 
7. Type <E> and <Enter> to return to the main menu. 
8. Repeat steps 2 to 7 to view the rest of the curriculum. 
9 Type <!> to end the mind map presentation session. 
5.3. Demonstrating a Facility to Build Mind Maps - Instructions to Introduce the 
System to the User 
1. Run Buildmap.exe to start the demonstration. The main menu of the program is displayed. 
2. Type <D> to load an existing mind map. Type <Enter>, Demo] and <end> to identify the mind map that 
is to be displayed. Control is returned to the main menu. 
3. Type <F> to display the mind map, and <E> and <Enter> to return control to the main menu. 
4. Type <E> to get the chance to change the entries of mind map demol. Mind map demo1 is displayed. 
The <Up> and <Down> keys can be used to visit the different entries. Existing entries can be modified 
and new entries can be added. 
5. Move to mind map entry SOLUTION TECH and type SOLVING LPP and <end> (to save your changes). 
6. Type <F> to display the resulting mind map, and <E> and <Esc> to return control to the main menu. 
7. Type <E> to get the chance to add new entries to mind map demo 1. 
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8. Press the <Up> key 8 times and type NEW MEHODS. Press the <Down> key and type KARMARKAR. 
Press the <Down> key another time and type PARALLEL COMP. Type <end> to save your additions. 
9. Type <F> to display the resulting mind map, and <E> and <Enter> to return control to the main menu. 
10. Type <A> to create a new mind map. Type <Enter>, Demo2 and <end> to name the new mind map. An 
empty map is displayed. 
11. Type Thinking Hats, <Down>, White Hat, <Down>, Facts&figures, <Down>, Neutral,comp, <Down>, 
Information, <Down>, Japan-style, <Down>, Info we have, <Down>, Info missing, <Down>, Getting 
info, <Down>, Red Hat, <Down>, Feelings, <Down>, Emotions, <Down>, Intuition, <Down>, Sense & 
taste, <Down>, Aesthetic, <Down>, No justify, <Down>, Red hat view, <Down>, Black Hat, <Down>, 
Devil's advct, <Down>, Neg assessmnt, <Down>, Not arguement, <Down>, Is it true?, <Down>, Does it 
fit?, <Down>, Will it work?, <Down>, Dangers/prob, <Down>, Yellow Hat, <Down>, Sun,optimism, 
<Down>, Constructive, <Down>, Logic!practcl, <Down>, Dreams/vision, <Down>, Pos assessmnt, 
<Down>, Benefits ?, <Down>, It can work!, <Down>, Green Hat, <Down>, Creative, <Down>, Fertility, 
<Down>, Creatve pause, <Down>, Provocation, <Down>, Lateral think, <Down>, Exploration, 
<Down>, Proposals, <Down>, Blue Hat, <Down>, Think on th, <Down>, Overview, <Down>, Where 
are we?, <Down>, What is next?, <Down>, Program, <Down>, Summary, <Down>, Observations, and 
<end> to save the newly created mind map. 
12. Type <F> to display the resulting mind map, and <E> and <Enter> to return control to the main menu. 
13. Type <B> to supply more information on specific mind map entries and to specify references for those 
entries. 
14. Type <R> and <W> to supply references for the mind map entries associated with White Hat Thinking. 
Submenu 1 and submenu 2 are displayed. 
15. Type <Fl> to supply a reference for the mind map entry Facts&figures. 
16. Type <Up>, <Del>, REFERENCES FOR FACTS & FIGURES, <Enter>, and De Bono, E. (1990). Six 
thinking Hats, Penguin Books, London, page XY. Type <Esc> to save your entry and return to submenu 
2. 
17. Type <F8> to return to submenu 1. Type <Esc> to continue. 
18. Type <M> and <W> to supply descriptions of the mind map entries associated with White Hat Thinking. 
Submenu 3 and submenu 4 are displayed. 
19. Type <Fl> to supply a description of the mind map entry Facts&figures. 
20. Type <Up>, <Del>, DESCRIPTION OF FACTS & FIGURES, <Enter>, and White hat thinking involves 
listing all the relevant facts and figures. Type <Esc> to save your entry and return to submenu 4. 
21. Type <F8> to return to submenu 3. Type <Esc> to continue. 
22. Type <E> and <Enter> to return to the main menu. 
23. To display the resulting mind map, and additions, type the following sequence of keys: <C>, <R>, <W>, 
<Fl>, <Enter>, <F2>, <Esc>, <M>, <W>, <FJ>, <Enter>, <F2>, <Esc>, <E> and <Enter>. 
24. Type <G> to end the building of mind maps. 
6. Demonstration Programs for the Visualization of LP Problem 
Descriptions 
6.1. Installation Procedure 
Create subdirectory C:\George\visual, copy the compressed file visual.zip from the CD to c:\George\visual, and 
pkunzip visual.zip 
6.2. Visualizing LP Problem Descriptions 
1. Run Mixctrl.exe in C:\George\prodmix. Type the following sequence of keys: B, <Down>, prmix20.dat, 
<end>, <Esc>, E, H, K, and P. 
2. Then copy pmframe.dat to c:\George\visual, copy framepm.dat to c:\George\visual\rnixmod.dat and copy 
prrnix20.dat to c:\George\visual\pmpdesc.dat. 
3. Run BlendCtr.exe in C:\George\blend. Type the following sequence of keys: B, <Down>, blend5.dat, 
<end>, <Esc>, F, I, 0 , and R. 
4. Then copy blendfr.dat to c:\George\visual, copy framebl.dat to c:\George\visual\blendmod.dat and copy 
blend5 .dat to c:\George\visual\bpdesc.dat. 
5. Run Transctr.exe in C:\George\trans. Type the following sequence of keys: B, <Down>, trans5.dat, 
<end>, <Esc>, F, /, L, and 0 . 
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6. Then copy transfr.dat to c:\George\visual, copy frametr.dat to c:\George\visual\transmod.dat and copy 
trans5.dat to c:\George\visual\tpdesc.dat. 
7. Run Assignct.exe in c:\George\assign. Type 'the following sequence of keys: B, <Down>, sign9.dat, 
<end>, <Esc>, F, I, L, and 0. 
8. Then copy signfr.dat to c:\George\visual, copy framesgn.dat to c:\George\visual\signmod.dat and copy 
sign9.dat to c:\George\visual\apdesc.dat. 
9. Run Schedctr.exe in c:\George\prodsche. Type the following sequence of keys: B, <Down>, schedl.dat, 
<end>, <Esc>, F, I, L, and 0 . 
10. Then copy schedfr.dat to c:\George\visual, copy frameps.dat to c:\George\visual\schedmod.dat and copy 
sched l.dat to c:\George\visual\psdesc.dat. 
11. Run Investcr.exe in c:\George\invest. Type the following sequence of keys: B, <Down>, invest2.dat, 
<end>, <Esc>, F, I, L, and 0 . 
12. Then copy vestfr.dat to c:\George\visual, copy frameinv.dat to c:\George\visual\vestmod.dat and copy 
invest2.dat to c:\George\visual\ipdesc.dat. 
13. Run Visualct.exe in c:\George\visual to make animated pictures of LP problems. A menu (the main 
menu) with 7 options is displayed. 
14. Type A to make animated pictures of the above provided product mix problem. Type <Enter> to end the 
description of the problem and proceed with the pictures. Type <Enter> again until the main menu 
reappears. 
15. Type B to make animated pictures of the above provided blending problem. Type <Enter> to end the 
description of the problem and proceed with the pictures. Type <Enter> again until the main menu 
reappears. 
16. Type C to make animated pictures of the above provided transportation problem. Type <Enter> to end 
the description of the problem and proceed with the pictures. Type <Enter> again until the main menu 
reappears. 
17. Type D to make animated pictures of the above provided assignment problem. Type <Enter> to end the 
description of the problem and proceed with the pictures. Type <Enter> again until the main menu 
reappears. 
18. Type E to make animated pictures of the above provided production scheduling problem. Type <Enter> 
to end the description of the problem and proceed with the pictures. Type <Enter> again until the main 
menu reappears. 
19. Type F to make animated pictures of the above provided investment problem. Type <Enter> to end the 
description of the problem and proceed with the pictures. Type <Enter> again until the main menu 
reappears. 
20. Type G to end the visualization session. 
7. Flow- and Step Charts, Structure Diagrams and Pseudo Code for the 
LP Curriculum 
7.1. Installation Procedure 
Create subdirectory C:\George\flowstep, copy the compressed file flowstep.zip from the CD to 
c:\George\flowstep, and pkunzip flowstep.zip 
7.2. Demonstrating Flow- and Step Charts, and Structure Diagrams - Instructions to 
Introduce the System to the User 
1. Run flowl.exe to first see a flow- and thereafter a step chart of module 1: Solving the linear 
programming model in two dimensions. 
2. Use the <Enter> key to navigate you through these presentations. Descriptions are not available. 
3. Run any one of flow21.exe, flow22.exe, flow23.exe, flow24.exe, flow25 .exe or flow26.to frrst see a 
flow- and thereafter a step chart of module 2: Building Linear Programming Models. Flow2l.exe is 
applied to the product mix problem, flow22 .exe is applied to the blending problem, flow23.exe is applied 
to the transportation problem, flow24.exe is applied to the assignment problem, flow25 .exe is applied to 
the production scheduling problem, and flow26.exe is applied to the investment problem. 
4. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
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5. Run flow3.exe to first see a flow- and thereafter a step chart of module 3: Classification of linear 
programming problems. 
6. Use the . <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
7. Run flow4.exe to first see a structure diagram, and thereafter a flow- and a step chart of module 4: The 
simplex algorithm. 
8. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
9. Run flowS .exe to first see a flow- and thereafter a step chart of module 5: Applications of duality theory. 
10. Use the <Enter> key to navigate you through these presentations. Descriptions are not available. 
11 . Run flow6.exe to first see a structure diagram, and thereafter a flow- and a step chart of module 6: The 
dual simplex algorithm. 
12. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
13. Run flow7 .exe to first see a flow- and thereafter a step chart of module 7: Sensitivity analysis of linear 
programming: Part 1. 
14. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
15. Run flow8 .exe to first see a flow- and thereafter a step chart of module 8: Sensitivity analysis of linear 
programming: Part 2. 
16. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
17. Run flow9.exe to first see a flow- and thereafter a step chart of module 9: Sensitivity analysis of linear 
programming: Part 3. 
18. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
19. Run flow10.exe to first see a flow- and thereafter a step chart of module 10: Sensitivity analysis oflinear 
programming: Part 4. 
20. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
21. Run flow1l.exe to first see a flow- and thereafter a step chart of module 11 : Vogel's method as a starting 
procedure for the transportation algorithm. 
22. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
23 . Run flow12 .exe to first see a flow- and thereafter a step chart of module 12: The transportation 
algorithm. 
24. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
25. Run flowl3 .exe to first see a flow- and thereafter a step chart of module 13 : Sensitivity analysis of 
transportation problems: Case 1. 
26. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
27. Run flow14 .exe to first see a flow- and thereafter a step chart of module 14: Sensitivity analysis of 
transportation problems: Case 2. 
28. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
29. Run flowl5.exe to fust see a flow- and thereafter a step chart of module 15: Sensitivity analysis of 
transportation problems: Case 3. 
30. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
31. Run flowl6:exe to fust see a flow- and thereafter a step chart of module 16: Sensitivity analysis of 
transportation problems: Case 4. 
32. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
33. Run flow17.exe to first see a flow- and thereafter a step chart of module 17: Sensitivity analysis of 
transportation problems: Case 5. 
34. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
35. Run flowl8 .exe to first see a flow- and thereafter a step chart of module 18: Solving assignment 
problems with the Hungarian method. 
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36. Use the <Enter> key to navigate you through these presentations. Type <F3> whenever you need a 
description of a specific step. 
7.3. Demonstrating Pseudo Code- Instructions to Introduce the System to the User 
1. Run Pseudo.exe in c: \George\flowstep to start the demonstration. 
2. Type A, <Enter> and <Enter> to see the pseudo code of module 1: Solving the linear programming 
model in two dimensions. 
3. Type B, <Enter> and <Enter> to see the pseudo code of module 2: Building Linear Programming 
Models. 
4. Type C, <Enter> and <Enter> to see the pseudo code of module 3: Classification of linear programming 
problems. 
5. TypeD, <Enter> and <Enter> to see the pseudo code of module 4: The simplex algorithm. 
6. Type E and <Enter> to see the pseudo code of module 5: Applications of duality theory. 
7. Type F and <Enter> to see the pseudo code of module 6: The dual simplex algorithm. 
8. Type G, <Enter> and <Enter> to see the pseudo code of module 7: Sensitivity analysis of linear 
programming: Part 1. 
9. Type H, <Enter> and <Enter> to see the pseudo code of module 8: Sensitivity analysis of linear 
programming: Part 2. 
10. Type I, <Enter>, <Enter> and <Enter> to see the pseudo code of module 9: Sensitivity analysis of linear 
programming: Part 3. 
11. Type J, <Enter>, <Enter> and <Enter> to see the pseudo code of module 10: Sensitivity analysis of 
linear programming: Part 4. 
12. Type K, <Enter> and <Enter> to see the pseudo code of module 11: Vogel's method as a starting 
procedure for the transportation algorithm. 
13. Type L, <Enter> and <Enter> to see the pseudo code of module 12: The transportation algorithm. 
14. Type M, <Enter> and <Enter> to see the pseudo code of module 13: Sensitivity analysis of 
transportation problems: Case 1. 
15. Type N, <Enter> and <Enter> to see the pseudo code of module 14: Sensitivity analysis of transportation 
problems: Case 2. 
16. Type 0, <Enter> and <Enter> to see the pseudo code of module 15: Sensitivity analysis of transportation 
problems: Case 3. 
17. Type P, <Enter> and <Enter> to see the pseudo code of module 16: Sensitivity analysis of transportation 
problems: Case 4. 
18. Type Q, <Enter> and <Enter> to see the pseudo code of module 17: Sensitivity analysis of transportation 
problems: Case 5. 
19. TypeR, <Enter> and <Enter> to see the pseudo code of module 18: Solving assignment problems with 
the Hungarian method. 
20. Type S to end the pseudo code session. 
8. Demonstration Programs for the Visualization of Sensitivity Analysis 
(Applied to the Solutions of Product Mix Problems) 
8.1. Installation Procedure 
Create subdirectory C:\George\vissens, copy the compressed file vissens.zip from the CD to c:\George\vissens, 
and pkunzip vissens.zip 
8.2. Visualizing the Sensitivity Analysis of Two Dimensional Product Mix Problems -
Instructions to Introduce the System to the User 
1. Run MixCtrl.exe in c:\George\prodmix. Type the following sequence of keys: B, <Down>, prmix23.dat, 
<end>, <Esc>, E, H , K and P. 
2. Run SensAnal.exe in c:\George\prodmix. Type the following sequence of keys in performing the first of 
four sensitivity analysis procedures of this problem: B, <Enter>, D, <Enter>, E, <Enter>, G, <Down>, 
<Up>, heaters, <Down>, 20, <end>, <Enter>, B, <Enter>, D, <Enter>, E, <Enter>, and M. 
3. Copy visual.ext to prmixl.vis. 
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4. Again run SensAnal.exe. Then type the following sequence of keys in performing the second of four 
sensitivity analysis procedures of this problem: B, <Enter>, D, <Enter>, E, <Enter>, F, <Down>, <Up>, 
parts_division, <Down>, 14, <end>, <Enter>, B, <Enter>, D, <Enter>, E, <Enter>, and M . 
5. Copy visual.ext to prmix2 .vis. 
6. Again run SensAnal.exe. Then type the following sequence of keys in performing the third of four 
sensitivity analysis procedures of this problem: B, <Enter>, D, <Enter>, E, <Enter>, H, <Down>, <Up>, 
kettles , <Down>, 45, <Down>, 1, <Down>, 1, <end>, <Enter>, B, <Enter>, D, <Enter>, E, <Enter>, and 
M. 
7. Copy visual.ext to prmix3 .vis. 
8. Again run SensAnal.exe. Then type the following sequence of keys in performing the last of four 
sensitivity analysis procedures of this problem: B, <Enter>, D, <Enter>, E, <Enter>, I, <Down>, heaters, 
<end>, <Enter>, B, <Enter>, D, <Enter>, E, <Enter>, and M. 
9. Copy visual.ext to prmix4.vis. 
10. Copy prmix*.vis from c:\George\prodmix to c:\George\vissens. 
11. Visualize the sensitivity analysis procedures that were performed in steps 2, 4, 6 and 8 by running 
vissens.exe in c:\George\vissens. Type <Enter>, <Enter>, <Enter> and <Enter>. 
9. Demonstration Programs for the Learning Style Inventories 
9.1. Installation Procedure 
Create subdirectory C:\George\lsis, copy the compressed file lsis.zip from the CD to c:\George\lsis, and pkunzip 
lsis.zip 
9.2. Demonstrating the LSI's of Dunn et al, and Kolb, a MBTI Test, La Haye's 
Temperament Test, the VVQ and a Study Preference Questionnaire - Instructions 
to Introduce the Systems to the User 
1. Run Dunnlsi.exe to activate an implementation of Dunn et al's LSI. 
2. Complete the questionnaire by carefully following the instructions provided. Remember that values are 
entered by using the <end> key. 
3. The results of the LSI are displayed. Type <Enter> to proceed from one item to the next. 
4. Run KolbStrl.exe to activate an implementation ofKolb's LSI. 
5. Complete the questionnaire by carefully following the instructions provided. Use the <Up> and <Down> 
keys to move between items on the same screen, and the <end> key to enter these values. 
6. The results of the LSI are displayed: Your classification, its strengths, weaknesses, careers and typical 
fields of study. Type <Enter> to navigate through these screens. 
7. Run MBTIJung.exe to activate an implementation of a MBTI test. 
8. Complete the questionnaire by carefully following the instructions provided. Remember that values are 
entered by using the <end> key. 
9. The results of the test are displayed: Characteristics of your preference for either extroversion or 
introversion, for either intuition or sensing, for either thinking or feeling, and for either judging or 
perception are displayed. A number of study preferences of certain type combinations to which you 
might belong are also displayed. Type <Enter> to proceed from one item to the next. 
10. Run TempCtrl.exe to activate an implementation of LaHaye's temperament test. 
11. Complete the questionnaire by carefully following the instructions provided. Use the <Up> and <Down> 
keys to move between items on the same screen, and the <end> key to enter these values. 
12. You are classified as having one of twelve blends of temperament. A description of your temperament 
blend is displayed. Type <Enter> to navigate through these screens. 
13. Run VisVerbQ.exe to activate an implementation of Richardson's VVQ. 
14. Complete the questionnaire by carefully following the instructions provided. Remember that values are 
entered by using the <end> key. 
15. The results of the questionnaire are displayed: You either have a preference for visual items or a 
preference for verbal items. Type <Enter> to proceed. 
16. Run StudPref.exe to activate an implementation of a study preference questionnaire that determines a 
person's preference for either a sequential or a global organization of the learning material. 
17. Complete the questionnaire by carefully following the instructions provided. Remember that values are 
entered by using the <end> key. 
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18. The results of the questionnaire are displayed: You either have a preference for a sequential organization 
of the learning material, or you have a preference for a global organization of the learning material. Type 
<Enter>. to proceed. · · 
10. Demonstration Programs for the Model of Tutoring and Learning that 
is Based on Felder and Silverman's Model 
1 0.1. Installation Procedure 
Create subdirectory C:\George\fstlmod, copy the compressed file fstlmod.zip from the CD to c:\George\fstlmod, 
and pkunzip fstlmod.zip 
10.2. Demonstrating a Model of Tutoring and Learning (Based on Felder and 
Silverman's Approach)- Instructions to Introduce the System to the User 
1. Run fstlmod.exe. A menu (the main menu) with 19 options is displayed. Type any one of <A>, <B>, 
... , <R> to generate a hypothetical student. Profiles of typical engineering, physical science, business 
administration and education students were stored, and will be associated with our hypothetical student if 
the corresponding option (options <A> to <P>) is chosen. Options <Q> and <R> will, when chosen, 
randomly generate a student profile which will then represent our hypothetical student. Submenu 1 is 
displayed. 
2. Type 1 to view a description of our student according to its classification by Kolb's LSI, a MBTI test and 
La Haye's temperament test. Type <Enter> until the submenu 1 reappears. 
3. Type 2 to investigate our student's learning style according to Kolb's LSI. Submenu 2 is displayed. 
4. Play around by typing any one of options <1> to <8>. View the corresponding descriptions. Remember 
to type <Enter> to proceed from one screen to the next. Continue with this until submenu 2 reappears. 
5. Option <1> describes the transformation and prehension dimensions of our student's classification; 
option <2> provides helpful- and option <3> hindering environmental factors to our student's 
classification; option <4> lists supporting teaching activities, option <5> strengths and option <6> 
weaknesses of our student's classification; and typical careers and fields of study of our student's 
classification are provided in options <7> and <8>, respectively. 
6. Type 9 to return to the submenu 1. 
7 Type 3 to investigate the learning style characteristics of our student. Submenu 3 is displayed. 
8. Play around by typing any one of options <1> to <5>. View the corresponding descriptions. Remember 
to type <Enter> to proceed from one screen to the next. Continue with this until submenu 3 reappears. 
9. Option <1> describes the extroversion/introversion dimension of our student's classification, option <2> 
the sensation/intuition dimension, option <3> the thinking/feeling dimension, and option <4> the 
judging/perception dimension. Option <5> provides learning preferences of possible type combinations 
of our student's classification. 
10. Type 6 to return to the submenu 1. 
11 . Type 4 to study our student's temperament and its corresponding learning style preferences. Submenu 4 
is displayed. 
12. Type 1 to view our student's temperament blend, and <Enter> until submenu 4 reappears. 
13. Type 2 to read about typical learning style characteristics of our student's temperament blend, and 
<Enter> until submenu 4 reappears. 
14. Type 3 to return to the submenu 1. 
15 . An overview of our student's learning preferences are displayed when option <5> is chosen. Type 
<Enter> to proceed from one screen to the next. Continue with this until submenu 1 reappears. 
16. Individualized tutoring and learning strategies matching the model of tutoring and learning are displayed 
when option <6> is chosen. Type <Enter> to proceed from one screen to the next. Continue with this 
until submenu 1 reappears. 
17. Type 7 to view our student's recommended tutoring strategy and associated presentation elements. Type 
<Enter> to proceed from one screen to the next. Continue with this until submenu 1 reappears. 
18. Type 8 to end the session and return to the main menu. 
19. Repeat steps 1 to 18 for some of the other profiles (this system tehrefore functions as a kind of 
information kiosk on teaching and learning styles). 
20. Type S to end your session with fstlmod. 
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11. Demonstration Programs for the Model of Tutoring and Learning that 
is Based on Left and Right Brain Preferences 
11.1. Installation Procedure 
Create subdirectory C:\George\tenllbrb, copy the compressed file tenllbrb.zip from the CD to c:\George\tenllbrb, 
and pkunzip tenllbrb.zip 
11.2. Demonstrating an Information Kiosk on Left and Right Brain Preferences and the 
Model of Tutoring and Learning that is Based on Left and Right Brain 
Preferences- Instructions to Introduce the System to the User 
1. Run tenllbrb.exe. A menu (the main menu) with 13 options is displayed. Options <A> to <J> represent 
a kiosk on left and right brain preferences, option <K> a model of tutoring and learning that is based on 
left and right brain preferences, and option <L> a fuzzy interpretation of this model of tutoring and 
learning. 
2. Type A to view characteristics of left brain thinking. Type <Enter> to proceed from one screen to the 
next. Continue with this until the main menu reappears. 
3. Type B to view characteristics of right brain thinking. Type <Enter> to proceed from one screen to the 
next. Continue with this until the main menu reappears. 
4, Type C to view application areas of left and right brain preferences. Type <Enter> to proceed from one 
screen to the next. Continue with this until the main menu reappears. 
5. Type D to view preferred thought processes of the different brain quadrants. Type <Enter> to proceed 
from one screen to the next. Continue with this until the main menu reappears. 
6. Type E to view typical characteristics of the different brain quadrants. Type <Enter> to proceed from 
one screen to the next. Continue with this until the main menu reappears. 
7. Type F to view the relationship between career choices and left and right brain preferences. Type 
<Enter> to proceed from one screen to the next. Continue with this until the main menu reappears. 
8. Type G to view the relationship between problem solving and left and right brain preferences. Type 
<Enter> to proceed from one screen to the next. Continue with this until the main menu reappears. 
9. Type H to view the relationship between the whole brain classroom and left and right brain preferences. 
Type <Enter> to proceed from one screen to the next. Continue with this until the main menu 
reappears. 
10. Type I to view the relationship between whole brain teaching and left and right brain preferences. Type 
<Enter> to proceed from one screen to the next. Continue with this until the main menu reappears. 
11 . Type J to view the relationship between whole brain learning and left and right brain preferences. Type 
<Enter> to proceed from one screen to the next. Continue with this until the main menu reappears. 
12. Type K to enter a model of tutoring (teaching) and learning that is based on left and right brain 
preferences. A menu (submenu 1) with 15 options is displayed. Options <H> to <N> provide a 
demonstration of how Neethling's Brain Profile Test and a model of tutoring and learning are combined 
and applied to a hypothetical student. You can utilize options <A> to <G> to apply this same model to 
yourself and your left and right brain preferences. 
13. Type H to determine the brain profile of a hypothetical student. A demonstration on Neethling's Brain 
Profile Test is provided. Type <Enter> to navigate through the resulting screens. Continue until 
submenu! reappears. The system calculates our student's approximate brain profile. 
14. Type I to see a description of our student's approximate brain profile. Type <Enter> to navigate through 
the resulting screens. Continue until submenu! reappears. 
15. Type J to view our student's dominant preferences. Type <Enter> to navigate through the resulting 
screens. Continue until submenu! reappears. 
16. Type K to view our student's secondary preferences. Type <Enter> to navigate through the resulting 
screens. Continue until submenu! reappears . 
17. Type L to view our student's tertiary preferences. Type <Enter> to navigate through the resulting 
screens. Continue until submenu! reappears. 
18. Type M to view our student's preferences for the various presentation elements. Type <Enter> to 
navigate through the resulting screens. Continue until submenu! reappears. 
19. Type N to view our student's recommended tutoring strategy. Type <Enter> to navigate through the 
resulting screens. Continue until submenu! reappears. 
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20. Type A to determine your approximate brain profile. Neethling's Brain Profile Test is administered. 
Complete the test by carefully following the instructions that are provided. Remember that values are 
entered by using the ·<end> key. Submenul will reappear after the system has calculated your 
approximate brain profile. 
21. Type B to see a description of your approximate brain profile. Type <Enter> to navigate through the 
resulting screens. Continue until submenul reappears. 
22. Type C to view your dominant preferences. Type <Enter> to navigate through the resulting screens. 
Continue until submenul reappears. 
23 . Type D to view your secondary preferences. Type <Enter> to navigate through the resulting screens. 
Continue until submenul reappears. 
24. Type E to view your tertiary preferences. Type <Enter> to navigate through the resulting screens. 
Continue until submenu1 reappears. 
25. Type F to view your preferences for the various presentation elements. Type <Enter> to navigate 
through the resulting screens. Continue until submenul reappears. 
26. Type G to view your recommended tutoring strategy. Type <Enter> to navigate through the resulting 
screens. Continue until submenu1 reappears. 
27. Type 0 to return to the main menu. 
28. Type M to end the session. 
12. Demonstration Programs for the Fuzzy Model of Tutoring and 
Learning that is Based on Felder and Silverman's Model 
12.1. Installation Procedure 
I. Create subdirectory C:\George\fuzmodel, copy the compressed file fuzmodel.zip from the CD to 
c:\George\fuzmodel, and pkunzip fuzmodel.zip 
2. Create subdirectory C:\George\fstlfdm, copy the compressed file fstlfdm.zip from the CD to 
c:\George\fstlfdm, and pkunzip fstlfdm.zip 
12.2. Demonstrating a Fuzzy Model of Tutoring and Learning (Based on Felder and 
Silverman's Approach)- Instructions to Introduce the System to the User 
I. "Fuzzy Knowledge Builder" (McNeill & Thro, 1994) was used to build knowledge bases for fuzzy 
interpretations of each of the LSI's. More information on "Fuzzy Knowledge Builder" is available at 
http://www.fuzzysys. com/. 
2. These knowledge bases were specially formatted to be usable in our inference engine. This engine was 
developed in Turbo Pascal and will be called on in step 4 of this demonstration. 
3. The results of the LSI's are used as input files to the inference engine. It is therefore necessary to copy 
them from c:\George\lsis. If you have not taken all the LSI's, go on to the next step (a previously stored 
example will be used); otherwise, copy kolbmode.inp to c:\George\fuzmodel, copy extrintr.inp to 
c:\George\fuzmodel, copy sensint.inp to c:\George\fuzmodel, copy thnkfeel.inp to c:\George\fuzmodel, 
copy judgperc.inp to c:\George\fuzmodel, copy lahaye.inp to c:\George\fuzmodel, copy visverb.inp to 
c:\George\fuzmodel, copy seqglbl.inp to c:\George\fuzmodel, cd .. and cd fuzmodel (or simply copy 
* .inp to c: \George \fuzmodel) . 
4. Make a fuzzy interpretation of our student's learning style by running the inference engine. Run 
inferenc.exe in c:\George\fuzmodel. Translate the resulting fuzzy classifications into numerical priorities 
by running priority.exe (also in c:\George\fuzmodel). 
5. Run our implementation of the fuzzy model of tutoring and learning (fuzmodel.exe). Type f . A menu 
(the main menu) with 6 options is displayed. 
6. Type I to view a description of our student, possibly the reader (if he has taken all the LSI's). Fuzzy 
interpretations of our student's classifications (by the LSI's) are displayed. Type <Enter> until the main 
menu reappears. 
7. Type 2 to investigate our student's learning style according to Kolb's LSI. Submenu 1 is displayed. 
8. Play around by typing any one of options <! > to <8>. View the corresponding descriptions. Remember 
to type <Enter> to proceed from one screen to the next. Continue with this until submenu 1 reappears. 
9. Option <! > describes the transformation and prehension dimensions of our student's classification; 
option <2> provides helpful- and option <3> hindering environmental factors to our student's 
classification; option <4> lists supporting teaching activities, option <5> strengths and option <6> 
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weaknesses of our student's classification; and typical careers and fields of study of our student's 
classification are provided in options <7> and -:::8>, respectively. 
10. Type 9 to return to the main menu. 
11 Type 3 to investigate the learning style characteristics of our student. Submenu 2 is displayed. 
12. Play around by typing any one of options <1> to <5>. View the corresponding descriptions. Remember 
to type <Enter> to proceed from one screen to the next. Continue with this until submenu 2 reappears. 
13. Option <1> describes the extroversion/introversion dimension of our student's classification, option <2> 
the sensation/intuition dimension, option <3> the thinking/feeling dimension, and option <4> the 
judging/perception dimension. Option <5> provides learning preferences of possible type combinations 
of our student's classification. 
14. Type 6 to return to the main menu. 
15. Type 4 to study our student's temperament and its corresponding learning style preferences. Submenu 3 
is displayed. 
16. Type 1 to view our student's temperament blend, and <Enter> until submenu 3 reappears. 
17. Type 2 to read about typical learning style characteristics of our student's temperament blend, and 
<Enter> until submenu 3 reappears. 
18. Type 3 to return to the main menu. 
19. Our student's preferences for the different presentation elements are displayed when option <5> is 
chosen. These preferences will be used in a full scale implementation of the model to construct tutoring 
strategies. 
20. Type 6 and 2 to end the session on using fuzmodel. 
21 . The next step is to utilize the fuzzy decision making system to select the most appropriate tutoring mode 
for our student (within which the strategy constructed above could function in). Before running the 
system it is necessary to copy some special indicators that is needed in the decision making process to 
c:\George\fstlfdm. These indicators were populated when fuzmodel was run, and can be viewed in step 
24. Copy struct.ind to c:\George\fstlfdm. 
22. Run the fuzzy decision making system fstlfdm.exe in c:\George\fstlfdm. A menu (the main menu) with 
6 options is displayed. 
23 . Type 1 to display the goals, constraints and alternatives of the fuzzy decision making problem. Use the 
<Enter> key to proceed from one screen to the next. Continue until the main menu reappears. 
24. Type 2 to view the special indicators mentioned above. Type <Enter> until the main menu reappears. 
25 . Type 3 to display the importance levels of the different goals and constraints. Type <Enter> until the 
main menu reappears. 
26. Type 4 to view the satisfaction levels of the different alternatives for each of the goals and constraints. 
Type <Enter> until the main menu reappears. 
27. Type 5 to see which tutoring mode is recommended for our student. Type <Enter> to return to the main 
menu. 
28. Type 6 to end the fuzzy decision making process. 
29. Copy examplel.ind to struct.ind and run fstlfdm.exe to apply the fuzzy decision making system to a 
previously stored scenario. Repeat steps 23 to 28 . 
30. Copy example2.ind to struct.ind and run fstlfdm.exe to apply the fuzzy decision making system to 
another previously stored scenario. Repeat steps 23 to 28. A different tutoring mode than the one in step 
29 is recommended. 
13. Demonstration Programs for a Fuzzy Interpretation of the Model of 
Tutoring and Learning that is Based on Left and Right Brain 
Preferences 
13.1. Installation Procedure 
1. Change directory to c:\George\tenllbrb (assuming that you have already installed tenllbrb) . 
13.2. Demonstrating a Fuzzy Interpretation of a Model of Tutoring and Learning that 
is Based on Left and Right Brain Preferences - Instructions to Introduce the 
System to the User 
1. Run tenllbrb.exe. A menu (the main menu) with 13 options is displayed. Options <A> to <J> represent 
a kiosk on left and right brain preferences, option <K> a model of tutoring and learning that is based on 
Stellenbosch University  https://scholar.sun.ac.za
565 
left and right brain preferences, and option <L> a fuzzy interpretation of this model of tutoring and 
learning. Options <A> to <K> were discussed in a previous chapter. 
2. Type K to enter a fuzzy model of tutoring and learning that is based on left and right brain preferences. 
A menu (submenu 1) with 15 options is displayed. Options <H> to <N> provide a demonstration of 
how Neethling's Brain Profile Test and a fuzzy model of tutoring and learning are combined and applied 
to a hypothetical student. You can utilize options <A> to <G> to apply this same model to yourself and 
your left and right brain preferences. 
3. Type H to determine the brain profile of a hypothetical student. A demonstration on Neethling's Brain 
Profile Test is provided. Type <Enter> to navigate through the resulting screens. Continue until 
submenu! reappears. The system calculates our student's approximate brain profile. 
4. Type I to see a description of our student's approximate brain profile. Type <Enter> to navigate through 
the resulting screens. Continue until submenu! reappears . 
5. Type J to view our student's dominant preferences. Type <Enter> to navigate through the resulting 
screens. Continue until submenu! reappears. 
6. Type K to view our student's secondary preferences. Type <Enter> to navigate through the resulting 
screens. Continue until submenu! reappears. 
7. Type L to view our student's tertiary preferences. Type <Enter> to navigate through the resulting 
screens. Continue until submenu! reappears. 
8. Type M to view our student's preferences for the various presentation elements. Type <Enter> to 
navigate through the resulting screens. Continue until submenu! reappears. 
9. Type N to view our student's recommended tutoring strategy. Type <Enter> to navigate through the 
resulting screens. Continue until submenu! reappears. 
10. Type A to determine your approximate brain profile. Neethling's Brain Profile Test is administered. 
Complete the test by carefully following the instructions that are provided. Remember that values are 
entered by using the <end> key. Submenu! will reappear after the system has calculated your 
approximate brain profile. 
11. Type B to see a description of your approximate brain profile. Type <Enter> to navigate through the 
resulting screens. Continue until submenu! reappears. 
12. Type C to view your dominant preferences. Type <Enter> to navigate through the resulting screens. 
Continue until submenu! reappears. 
13. Type D to view your secondary preferences. Type <Enter> to navigate through the resulting screens. 
Continue until submenu I reappears. 
14. Type E to view your tertiary preferences. Type <Enter> to navigate through the resulting screens. 
Continue until submenu! reappears. 
15. Type F to view your preferences for the various presentation elements. Type <Enter> to navigate 
through the resulting screens. Continue until submenu! reappears. 
16. Type G to view your recommended tutoring strategy. Type <Enter> to navigate through the resulting 
screens. Continue until submenu! reappears. 
17. Type 0 to return to the main menu. 
18. Type M to end the session. 
14. Demonstration Programs for De Bono's Thinking Games 
14.1. Installation Procedure 
Create subdirectory C:\George\thgames, copy the compressed file thgames.zip from the CD to 
c:\George\thgames, and pkunzip thgames.zip 
14.2. Demonstrating De Bono's Thinking Games (Based on Felder and Silverman's 
Model of Tutoring and Learning) - Instructions to Introduce the System to the 
User 
1. Copy your classification according to Kolb's LSI and the judging/perception dimension of a MBTI test 
from c:\George\lsis to c:\George\thgames. Copy the files studkolb.lsi and judgperc.inp. If you have not 
completed all the LSI's, a hypothetical student profile will be used and it won't be necessary to perform 
this step's copying operations 
2. Run fsgames.exe to start the demonstration. A menu (the main menu) with 5 options is displayed. 
3. Type <Fl> to enter an environment within which you can explore De Bono's thinking games. Submenu 
1 is displayed. 
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4. Type D to explore thinking games that address the judgement dimension of thinking. Submenu 2 is 
displayed. 
5. Type 2 to play the memory judgement game. Read the rules, press <Enter> to proceed, follow the 
instructions and editing commands carefully, remember to use the <Up> and <Down> keys to move 
between fields, and the type the <end> key to enter your set of answers . 
6. Type 4 to return to submenu 1. 
7. Type H to explore thinking games that address the perception dimension of thinking. Submenu 3 is 
displayed. 
8. Type 3 to play the number choice game (without the coaching module). Read the rules, press <Enter> 
twice to proceed, follow the instructions and editing commands carefully, remember to use the <Up> and 
<Down> keys to move between fields, and type the <end> key to enter your responses. 
9. Type 4 to return to submenu 1. 
10. The memory judgement and number choice games are the only ones that are available within this 
demonstration. Descriptions of all the other games are, however, provided and applied to LP. Type M to 
return to the main menu. 
11. Type <F2) to view information on your learning style classification and your preferences for certain 
thinking games. Submenu 4 is displayed. 
12. Type A to display your classification according to Kolb's LSI and the judging/perception dimension of a 
MBTI test. Type <Enter> to return to submenu 4. 
13. Type B to view your corresponding preferred aspects of thinking. Type <Enter> to return to submenu 4. 
14. Type C to view an individualized recommendation on thinking games that will develop your most 
favorite aspects of thinking. Type <Enter> to return to submenu 4. 
15. Type D to view your corresponding less favorite aspects of thinking. Type <Enter> to return to 
submenu 4. 
16. Type E to view an individualized recommendation on thinking games that will develop your less 
favorite aspects of thinking. Type <Enter> to return to submenu 4. 
17. Type F to view an individualized recommendation on thinking games that will generally develop all 
aspects of thinking. Type <Enter> to return to submenu 4. 
18. Type G to return to the main menu. 
19. Type <F3> to enter an environment within which you can emich your understanding of LP and improve 
your thinking skills by play some of the recommended thinking games. Submenu 5 is displayed. 
20. In the full scale implementation of the system you will type A to activate thinking games that will further 
develop your. preferred aspects of thinking; you will type B to activate thinking games that will develop 
your less favorite aspects of thinking, and you will type C to activate thinking games that will develop 
general thinking skills. TypeD to return to the main menu. 
21. Type <F4> to view explanations of the different aspects of thinking. Submenu 6 is displayed. It 
contains an option for each of the 11 aspects of thinking that are addressed by the thinking games. 
22. Type any one of A, B, ... , K to view these explanations. Type <Enter> to return to submenu 6 and L to 
go back to the main menu. 
23 . Type <F5> to end the thinking games session. 
14.3. Demonstrating De Bono's Thinking Games (Based on the Results of Neethling's 
Brain Profile Test)- Instructions to Introduce the System to the User 
1. Copy your classification according to Neethling's Brain Profile Test from c:\George\tenllbrb to 
c:\George\thgames. Copy the file studlbrb.lsi. If you have not completed Neethling's Brain Profile Test, 
a hypothetical student profile will be used and it won't be necessary to perform this step's copying 
operations 
2. Run lrgames.exe to start the demonstration. A menu (the main menu) with 5 options is displayed. 
3. Repeat steps 3 to 23 of the previous section. 
14.4. Demonstrating the Number Choice Thinking and Teaching Game- Instructions to 
Introduce the System to the User 
1. Run NrChoice.exe (also in C:\George\thgames. 
2. Read the rules, press <Enter> twice to proceed, follow the instructions and editing commands carefully, 
remember to use the <Up> and <Down> keys to move between fields, and type the <end> key to enter 
your responses . 
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3. A coaching session will be presented at randomly generated times. Complete it by simply following the 
instructions (Use the same editing commands as in epsscat) . 
4. All the other teaching games (including "ru~y") can easily be adapted to also include such a coaching 
session. 
14.5. Installing and Exploring "Rummy" 
I . Create subdirectory C:\George\rummy, copy the compressed file rummy.zip from the CD to 
c:\George\rummy, and pkunzip rummy.zip 
2. Run GoRummy.exe. 
3. Follow the instructions and editing commands carefully. Remember to use the <Up> and <Down> keys 
to move between fields, and type the <end> key to enter your responses. 
4. Despite the fact that our implementation of "rummy" has not been thoroughly tested and its user interface 
still needs attention, it is still included as a demonstration. The reason: "Rummy" represents an excellent 
example of a popular game that can be computerized, it can easily be combined with a coaching session 
(like in the number choice thinking and teaching game) and the accompanying source code can be 
modified and integrated within other implementations of our framework. 
15. Demonstration Programs for the "Environment for the Gifted" -
Applications of De Bono's Thinking Skills 
15.1. Installation Procedure 
Create subdirectory C:\George\thtools, copy the compressed file thtools .zip from the CD to c:\George\thtools, 
and pkunzip thtools.zip 
15.2. Demonstrating an "Environment for the Gifted" (Based on Felder and 
Silverman's Model of Tutoring and Learning) - Instructions to Introduce the 
System to the User 
I . Copy your classification according to Kolb's LSI and the judging/perception dimension of a MBTI test 
from c:\George\lsis to c:\George\thtools. Copy the files studkolb.lsi and judgperc.inp. If you have not 
completed all the LSI's, a hypothetical student profile will be used and it won't be necessary to perform 
this step's copying operations 
2. Run fsthools.exe to start the demonstration on an "environment for the gifted". A menu (the main 
menu) with 5 options is displayed. 
3. Type <FI> to enter an environment within which you can explore 25 of De Bono's thinking tools. 
Submenu 1 is displayed. 
4. Type H to explore the ADI thinking tool. Another menu (submenu 2) with 5 options is displayed. 
5. Type A to view an explanation of the ADI thinking tool. Type <Enter> until submenu 2 reappears. 
6. Type B to see which aspects of thinking are addressed by this tool. Type <Enter> until submenu 2 
reappears. 
7. Type C to see a list of LP scenarios on to which this tool can be applied. Type <Enter> until submenu 2 
reappears. 
8. TypeD to get an opportunity to practise your ADI thinking skills. A LP scenario is randomly selected 
and presented. Type <Enter>. Then verbalize your ADI thinking by typing it in the space provided. 
Type <Esc> when you are finished, view your thinking, and type <Enter> to return to submenu 2. 
9. Type E to return to submenu 1. 
10. Select another thinking tool and repeat steps 4 to 9. Type Z when you are finished. Control is returned 
to the main menu. 
11. Type <F2) to view information on your learning style classification and your preferences for certain 
thinking tools. Submenu 3 is displayed. 
12. Type A to display your classification according to Kolb's LSI and the judging/perception dimension of a 
MBTI test. Type <Enter> to return to submenu 3. 
13. Type B to view your corresponding preferred aspects of thinking. Type <Enter> to return to submenu 3. 
14. Type C to view an individualized recommendation on thinking tools that will develop your most favorite 
aspects of thinking. Type <Enter> to return to submenu 3. 
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15. Type D to view your corresponding less favorite aspects of thinking. Type <Enter> to return to 
submenu 3. 
16. Type E to view an individualized recommend~tion on thinking tools that will develop your less favorite 
aspects of thinking. Type <Enter> to return to submenu 3. 
17. Type F to view an individualized recommendation on thinking tools that will generally develop all 
aspects of thinking. Type <Enter> to return to submenu 3. 
18. Type G to return to the main menu. 
19. Type <F3> to enter an environment within which you can emich your understanding of LP by applying 
some of your recommended thinking tools to randomly selected LP scenarios. Submenu 4 is displayed. 
20. Type A to activate thinking tools that will further develop your preferred aspects of thinking; or type B to 
activate thinking tools that will develop your less favorite aspects of thinking, or type C to activate 
thinking tools that will develop general thinking skills. 
21. In each case LP scenarios are randomly selected and presented. Type <Enter>. Then verbalize your 
thinking by typing it in the space provided. Type <Esc> when you are finished, view your thinking, and 
type <Enter>. Repeat for all the recommended thinking tools. Submenu 4 will reappear. Type D to 
return to the main menu. 
22. Type <F4> to view explanations of the different aspects of thinking. Submenu 5 is displayed. It 
contains an option for each of the 11 aspects of thinking that are addressed by the thinking tools. 
23 . Type any one of A, B, ... , K to view these explanations. Type <Enter> to return to submenu 5 and L to 
go back to the main menu. 
24. Type <F5> to end the "emichrnent" session. 
15.3. Demonstrating an "Environment for the Gifted" (Based on the Results of 
Neethling's Brain Profile Test)- Instructions to Introduce the System to the User 
1. Copy your classification according to Neethling's Brain Profile Test from c:\George\tenllbrb to 
c:\George\thtools. Copy the file studlbrb.lsi. If you have not completed Neethling's Brain Profile Test, a 
hypothetical student profile will be used and it won't be necessary to perform this step's copying 
operations 
2. Run lrthools.exe to start the demonstration on an "environment for the gifted" . A menu (the main menu) 
with 5 options is displayed. 
3. Repeat steps 3 to 24 of the previous section. 
16. Demonstrating an Application of a Simple Backpropagation Neural 
Network within Our Framework 
16.1. Installation Procedure 
Create subdirectory C:\George\brain, copy the compressed file brain.zip from the CD to c:\George\brain, and 
pkunzip brain.zip 
16.2. Instructions to Introduce the System to the User 
1. To train the neural network, run brainl2.exe. Then type preselem.net, <Enter>, y, <Enter>, 
preselem. wig, and <Enter>. Results are presented. 
2. Type N, <Enter>, Q, and <Enter>. 
3. To test the neural network, again run brainl2 .exe. Then type preselem.tst, <Enter>, y, <Enter>, 
preselem. wig, and <Enter>. Results are presented. 
4. Type N, <Enter>, Q, and <Enter>. 
17. Demonstration Programs for the Guidance and Advice Module of the 
"Artificial Psychologist" 
17.1. Installation Procedure 
Create subdirectory C:\George\artpsyc, copy the compressed file artpsyc.zip from the CD to c:\George\artpsyc, 
and pkunzip artpsyc.zip 
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17.2. Demonstrating the Guidance and A~vice Module - Instructions to Introduce the 
System to the User 
I. Run artpsyc.exe to start the demonstration. The main mind map of the Guidance and Advice module is 
displayed. 
2. Type Z to zoom in on certain mind map entries of the main mind map. 
3. TypeS to see a list of mind maps associated with the mind map subtitle "Study Habits". Submenu 1 is 
displayed. 
4. Type <F5> to see a mind map about "memory aids" . The mind map is displayed. 
5. Type M to receive more information on the mind map's entries. 
6. Type Tto identify the entries associated with subtitle "Techniques". Submenu 2 is displayed. 
7. Type <F2> to see a description of mind map entry "Phonetic Alpha" . 
8. Type <Enter>, <Enter> and <Enter> to read the description. 
9. Type <F7> to leave submenu 2 and return to the main mind map. 
I 0. Repeat variations of steps 2 to 9 to explore the contents of the Guidance and Advice module of the 
"Artificial Psychologist". 
II. Option R (indicated on each mind map) is not available in this demonstration version. It allows the user 
to view the references that were consulted in compiling specific mind maps and its descriptions. 
I2. Option P (indicated on each mind map alongside option M (More Info)) allows the user in specific cases 
to participate in specific activities. In the demonstration version it can be used to set goals. 
13. Type P, G and <Fl> to set your own goals, for example regarding your intentions to master LP. 
14. Type I want to master the LP curriculum within the next 2 months. Type <Esc> to save your entry. 
Type <Enter> after you have viewed your entry. 
I5. Answer the requests made in steps 2 to 11 in exactly the same manner. 
16. Control will then automatically be returned to the main mind map. Type E and <Enter> to end off your 
exploration. 
I7. The following sequences of keys will also allow you to read interesting descriptions and will familiarize 
you with the system: 
I. Z, M, <F5>, M, B, <F 1>, <Enter>, <F2>, <Enter>, <F3>, <Enter>, <F4>, <Enter>, <F5>, <Enter>, 
<F6>, <Enter>, <F7>, <Enter>, <F8>, E and <Enter>. 
2. Z, S, <F6>, M, M, <Fl>, <Enter>, <F2>, <Enter>, <F3>, <Enter>, <F4>, <Enter>, <F5>, <Enter>, 
<F6>, <Enter>, <F7>, <Enter>, <F8>, E and <Enter>. 
3. Z, E, <F2>, M, Q, <F6>, <Enter>, <Enter>, <Enter>, <F8>, E and <Enter>. 
4. Z, <Up>, <Enter>, <F5>, M, <Enter>, <Fl>, <Enter>, <F2>, <Enter>, <F3>, <Enter>, <F4>, 
<Enter>, <F5>, <Enter>, <F6>, <Enter>, <Fl>, <Enter>, <F8>, E and <Enter>. 
18. Demonstration Programs for a Domain- and Motivational Based 
Planner (Combined with a Fuzzy Model of Tutoring and Learning) 
18.1. Installation Procedure 
Create subdirectory C:\George\tutctrl, copy the compressed file tutctrl.zip from the CD to c:\George\tutctr1, and 
pkunzip tutctrl.zip 
18.2. Demonstrating the Functioning of the Domain- and Motivational Based Planner-
Instructions to Introduce the System to the User 
I . Run tutctrl.exe to start the demonstration. The main menu of the program is displayed. 
2. Type <F 1> to see a description of our student in terms of left- and right brain preferences and according 
to a fuzzy interpretation ofNeethling's Brain Profile Test. Type <Enter> to return to the main menu. 
3. Type <F2> to see the recommended tutoring strategies for our student (according to a fuzzy 
interpretation of Neethling's Brain Profile Test) . Submenu 1 is displayed. All I8 modules of the LP 
curriculum are listed. Type any one of A, B, ... , R to see the recommended tutoring strategy for that 
specific module. Type <Enter> until control is returned to submenu 1. Continue to view recommended 
tutoring strategies. When done, typeS to return to the main menu. 
4. Type <F3> to see the revised tutoring strategies for our student (after the initial strategies have been 
modified by the results of an application of Quinlan's ID3 induction algorithm). Submenu 2 is 
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displayed. All 18 modules of the LP curriculum are listed. Type any one of A, B, ... , R to see the revised 
tutoring strategy for that specific module. Type <Enter> until control is returned to submenu 2. 
Continue to view revised tutoring strategies. When done, type S to return to the main menu. Tutoring 
strategies are only revised after a predetermined number of modules have been presented and have been 
mastered by our student. 
5. Type <F4> to get more information about the modules (its concepts and their difficulty levels) and our 
student's progress (his levels of mastery of the different concepts). Submenu 3 is displayed. All 18 
modules of the LP curriculum are listed. Type any one of A., B, ... , R to see these information for a 
specific module. Type <Enter> until control is returned to submenu 3. When done, typeS to return to 
the main menu. This record will continually be updated as our student progresses through the 
curriculum. It can also be used to diagnose possible problem areas of our student. 
6. Type <F5> to get information on the system's beliefs about our student's expertise levels. These beliefs 
are based on a fuzzy model of our student's expertise. Submenu 4 is displayed. All 18 modules of the 
LP curriculum are listed. Type any one of A, B , ... , R to see these beliefs for a specific module. Type 
<Enter> until control is returned to submenu 4. When done, typeS to return to the main menu. These 
beliefs will continually be updated as our student progresses through the curriculum. 
7. Type <F7> to read a description of how the domain- and motivational-based planner (that is 
demonstrated when option <F6> is selected) can be combined with the model of tutoring and learning 
that is based on Felder and Silverman's approach. Use <Enter> to navigate you through the description. 
8. Type <F6> to see the domain- and motivational based planner in action. 
9. Screens defming our student's initial confidence. effort and independence levels are displayed. Type 
<Enter> until another menu is displayed (i.e. submenu 5- Selecting an Appropriate Action). 
10. Type <Fl> to view our student's preferred tutoring strategy. 
11. Type <F2> to select presentation elements (on behalf of our student). Submenu 6 is displayed. 
12. Type A to select a point-and-query interface. A description of a hypothetical point-and-query interface is 
provided. Type <Enter> until submenu 6 reappears. Type M to select theoretical readings. Read the 
description about this presentation element and press <Enter> to return to submenu 6. 
13. Type Y to end the delivery of course material. Control is returned to submenu 5. 
14. Type <F5> to select a CAT. A description of CAT is provided. Type <Enter>. Type Y, <Down>, Y, 
<Down>, Y, <Down>, N, <Down>, N, <Down>, N, <Down>, N, <Down>, N, <Down>, N, <Down>, N, 
<Down>, Y, <Down>, N, <Down>, N, <Down>, N, and <end> to indicate our student's performance on a 
hypothetical CAT. 
15. An update of our student's independence level is displayed. Type <Enter> to continue. 
16. A description ofhow our student's confidence level is updated, is displayed (a verbal description of an if-
then rule). Type <Enter> to continue. 
17. The resulting confidence level of our student is displayed. Type <Enter> to continue. 
18. A description of how our student's effort level is updated, is displayed (a verbal description of an if-then 
rule). Type <Enter> to continue. 
19. The resulting effort level of our student is displayed. Type <Enter> to continue. 
20. A verbal description of the if-then rule that is activated in the domain- and motivational-based planner is 
provided. Type <Enter> to continue. 
21 . The system's beliefs about the student's expertise level for the current module are displayed. Type 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, and <Enter> to navigate through these beliefs. 
22. Type Yand <end> to display the induced if-then rules for the 32 presentation elements. Use the <Enter> 
key to navigate through these rules. Whenever data contradicts itself the older of the two sets of data is 
taken as being nearest to the truth. 
23. Control is returned to submenu 5. 
24. Type <F4> - assuming that our student now wants to give up. 
25. An update of our student's independence level is displayed. Type <Enter> to continue. 
26. The resulting independence level of our student is displayed. Type <Enter> to continue. 
27. An update of our student's confidence level is displayed. Type <Enter> to continue. 
28. A description of how our student's effort level is updated, is displayed (a verbal description of an if-then 
rule). Type <Enter> to continue. 
29. The resulting effort level of our student is displayed. Type <Enter> to continue. 
30. The system's response to our student's decision to give up is displayed (a verbal description of the if-then 
rule that is activated). Type <Enter> to continue. 
31. The system makes a comment on our student's history of success. Type <Enter> to continue. Control is 
returned to submenu 5. 
32. Type <F6> to utilize remediative procedures. A description of the proposed and requested remediative 
procedures are provided. Type <Enter> and <Enter> to continue to the next step. 
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33. An update of our student's independence level is displayed. Type <Enter> to continue. 
34. The resulting independence level of our s~dent is displayed. Type <Enter> to return control to 
submenu 5. 
35. Type the following sequence of keys: <F2>, I , <Enter>, B, <Enter>, C, <Enter>, Y, <F5>, <Enter>, Y, 
<Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, 
<Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, <end>, <Enter>, <Enter>, 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, N, <end> 
and <Enter>. 
36. Type <F 7> to end the tutoring session. The student model is saved. 
37. Start a new tutoring session by running tutctrl.exe. 
38. Type <F4>, A, <Enter>, B, <Enter> and S to get more information about our student's progress. 
39. Type <F5>, A, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, B, <Enter>, <Enter>, <Enter>, 
<Enter>, <Enter>, <Enter> and S to get information on the system's beliefs about our student's expertise 
levels. 
40. Type <F6> to interact with the domain- and motivational-based planner. 
41. Our student's current confidence, effort (for the new module) and independence levels are displayed. 
Type <Enter> to continue. 
42. Type <F I > to refresh your memory on our student's preferred tutoring strategy. 
43 . Take part in tutoring session by typing <F3>, A, <Enter>, B, <Enter>, G, <F2>, A, <Enter>, <Enter>, B, 
<Enter>, I, <Enter>, C, <Enter>, M, <Enter> and Y. 
44. Take a CAT and successfully complete it by typing <F5>, <Enter>, Y, <Down>, Y, <Down>, Y, 
<Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, 
<Down>, Y, <Down>, Y, <Down>, Y and <end>. 
45 . An update of our student's independence level is displayed. Type <Enter> to continue. 
46. A description of how our student's confidence level is updated, is displayed (a verbal description of an if-
then rule). Type <Enter> to continue. 
47. The resulting confidence level of our student is displayed. Type <Enter> to continue. 
48. A description of how our student's effort level is updated, is displayed (a verbal description of an if-then 
rule) . Type <Enter> to continue. 
49. The resulting effort level of our student is displayed. Type <Enter> to continue. 
50. A verbal description of the if-then rule that is activated in the domain- and motivational-based planner is 
provided. Type <Enter> to continue. 
51. The system's beliefs about the student's expertise level for the current module are displayed. Type 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, and <Enter> to navigate through these beliefs. 
52. Type Y and <end> to display the induced if-then rules for the 32 presentation elements. Use the <Enter> 
key to navigate through these rules. 
53 . Control is returned to submenu 5. 
54. Type the following sequence of keys: <F2>, I, <Enter>, Y, <F5>, <Enter>, Y, <Down>, Y, <Down>, N, 
<Down>,N,<Down>, ~ <Down>,N,<Down>,N, <Down>,N,<Down>, N, <Down>, ~ <Down>, N, 
<Down>, N, <Down>, N, <Down>, N, <Down>, Y, <Down>, N, <Down>, N, <Down>, N, <end>, 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, 
<Enter>, <Enter>, Y, <End>, and <Enter> until submenu 5 reappears. 
55 . Type <F7> to end the tutoring session. The student model is saved. 
56. Start a new tutoring session by running tutctrl.exe. 
57. Type the following sequence of keys: <F6>, <Enter>, <F6>, <Enter>, <Enter>, <F5>, <Enter>, Y, 
<Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, 
<Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, 
<Down>, Y, <end>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, N, <end>, and <Enter>. 
58. Type the following sequence of keys: <F2>, A, <Enter>, <Enter>, B, <Enter>, C, <Enter>, M, <Enter>, 
X, <Enter>, <Enter>,Y, <F5>, <Enter>, N, <Down>, N, <Down>, N, <Down>, N, <Down>, N, <Down>, 
N, <Down>, N, <Down>, N, <Down>, N, <Down>, N, <end>, <Enter>, <Enter>, <Enter>, <Enter>, 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, N, <end>, <Enter>, and <F 7> to end the 
tutoring session. The student model is saved. 
59. Start a new tutoring session by running tutctrl.exe. 
60. Type the following sequence of keys : <F4>, A, <Enter>, B, <Enter>, C, <Enter>, D, <Enter>, S, <F5>, 
C, <Enter>, Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, S, <F6>, <F2>, X , <Enter>, 
<Enter>, <N>, <Enter>, Y, <F5>, <Enter>, Y, <Down>, N, <Down>, Y, <Down>, Y, <Down>, N, 
<Down>, N, <Down>, N, <Down>, N, <Down>, N, <Down>, N, <end>, <Enter>, <Enter>, <Enter>, 
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<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, Y, <end> and <Enter> until submenu 
5 reappears. 
61. Type the following sequence of keys: <F2>, I, <Enter>, C, <Enter>, Y, <F4>, <Enter>, <Enter>, 
<Enter>, <Enter>, <Enter>, <Enter>, <F6>, <Enter>, <Enter>, <Enter>, <F5>, <Enter>, <end>, 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, N, and 
<end>. 
62. Type the following sequence of keys: <F2>, G, <Enter>, A, <Enter>, <Enter>, Y, <F5>, <Enter>, Y, 
<Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, 
<Down>, Y, <end>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, 
<Enter>, <Enter>, <Enter>, N, <end>, and <Enter>. 
63 . Type the following sequence of keys: <F2>, A, <Enter>, <Enter>, B, <Enter>, C, <Enter>, D, <Enter>, 
X, <Enter>, <Enter>, M, <Enter>, E, <Enter>, G, <Enter>, Y, <F5>, <Enter>, <end>, <Enter>, <Enter>, 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, Y, and <Enter> until 
submenu 5 reappears. 
64. Type the following sequence of keys: <F6>, <Enter>, <Enter>, <Enter>, <F5>, <Enter>, <end>, 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, Nand 
<end>. 
65 . A revision of recommended and not recornmened presentation elements for each of the 18 modules of 
the curriculum is displayed. The induced if-then rules of each presentation element are used for this 
purpose. This revision is only made after at least 10 cycles of course delivery has taken place. Type 
<Enter> until submenu 5 reappears. 
66. Type <F 7> to end the tutoring session. The student model is saved. 
67. Start a new tutoring session by running tutctrl.exe. 
68. Type the following sequence of keys: <F3>, D, <Enter>, E, <Enter>, F, <Enter>, G, <Enter>, S, <F5> 
E, <Enter>, <Enter>, <Enter>, <Enter> and S. 
69. Type the following sequence of keys: <F6>, <Enter>, <Enter>, <Enter>, <F2>, A, <Enter>, <Enter>, B, 
<Enter>, C, <Enter>, !, <Enter>, M, <Enter>, Y, <F5>, <Enter>, Y, <Down>, Y, <Down>, Y, <Down>, 
Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <end>, <Enter>, <Enter>, <Enter>, <Enter>, 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, N, <end>, and <Enter> until submenu 5 
reappears. 
70. Type <F 7> to end the tutoring session. The student model is saved. 
71 . Start a new tutoring session for a student with similar preferences. Copy newstud.dat to neworold.dat. 
Start the session by running tutctrl.exe. 
72. Type the following sequence of keys: <F6>, <Enter>, <Enter>, <Enter>, <F3>, A , <Enter>, <Enter>, B, 
<Enter>, G, <Enter>, C, <Enter>, B, <Enter>,!, <Enter>, M, <Enter>, C, <Enter>, Y, <F5>, <Enter>, 
<end>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, 
<Enter>, <Enter>, <end> and <Enter>. 
73 . Type the following sequence of keys: <F6>, <Enter>, <Enter>, <Enter>, <F5>, <Enter>, <end>, 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, 
<Enter>, <end>, and <Enter>. 
74. Type the following sequence of keys: <F2>, I, <Enter>, Y, <F5>, <Enter>, Y, <Down>, Y, <Down>, Y, 
<Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, <Down>, Y, 
<Down>, Y, <Down>, Y, <Down>, Y, <end>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, 
<Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <Enter>, <end>, <Enter>, and <F 7> 
to end the tutoring session. The student model is saved. 
75. The reader can now experiment with the system and use his own preferences in creating tutoring 
strategies (provided that he has already determined his own preferred learning style). Goto subdirectory 
C:\George\tenllbrb. Now copy presprio.out to c:\George\tutctrl and copy fuzzprefout to 
C:\George\tutctrl. The system then fetches the reader's preferences for the 32 presentation elements and 
the reader's description according to a fuzzy interpretation ofNeethling's Brain Profile test. 
76. Change back to C:\George\tutctrl. 
77. Copy newstud.dat to neworold.dat to identifY a new student. 
78 . Start a new tutoring session by running tutctrl.exe. The reader may now continue ... 
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19. Installation Procedures for the Windows-based Demonstration 
Programs 
19.1. A teaching I tutoring and learning assistant that implements a model of teaching I tutoring and 
learning that is based on Kolb's learning style inventory. 
1. Create subdirectory C:\campfile\kolb, copy the compressed fil(! kolb.zip from the CD to c:\George\kolb, 
and pkunzip kolb.zip. 
2. Run c:\campfile\kolb\ezteach kolb from the Windows Start menu. 
19.2. A teaching I tutoring and learning assistant that is based on personality types. 
l. Create subdirectory C: \campfile\mbtitl copy the compressed file mbtitl.zip from the CD to 
c:\campfile\mbtitl, and pkunzip mbtitl.zip. 
2. Run c:\campfile\mbtitl\ezteach mbti from the Windows Start menu. 
19.3. A teaching I tutoring and learning assistant that implements a model of teaching and learning that 
is based on Felder, Silverman and Soloman's research. 
1. Create subdirectory C:\campfile\felder, copy the compressed file felder.zip from the CD to 
c:\campfi1e\fe1der, and pkunzip felder.zip . 
2. Run c:\campfile\felder\ezteach ils from the Windows Start menu. 
19.4. A teaching I tutoring and learning assistant that implements a model of teaching and learning that 
is based on visual, auditory and kinesthetic (V AK) preferences. 
l. Create subdirectory C:\campfile\vak, copy the compressed file vak.zip from the CD to c:\campfile\vak, 
and pkunzip vak. .zip. 
2. Run c:\campfile\vak\ezteach vvk from the Windows Start menu. 
19.5. A teaching I tutoring and learning assistant that implements a model of teaching and learning that 
is based on Gardner's theory of multiple intelligences. 
l. Create subdirectory C:\campfile\gardner, copy the compressed file gardner.zip from the CD to 
c:\campfile\gardner, and pkunzip gardner.zip. 
2. Run c:\campfile\gardner\ezteach rnimode from the Windows Start menu. 
19.6. A domain- and motivational based planning assistant for teachers. 
l. Create subdirectory C:\campfile\tutctrl, copy the compressed file tutctrl.zip from the CD to 
c:\campfile\tutctrl, and pkunzip tutctrl.zip. 
2. Create subdirectory C:\campfile\motivate, copy the compressed file motivate.zip from the CD to 
c:\campfile\motivate, and pkunzip motivate.zip. 
3. Run c:\campfi1e\motivate\ezteach mot from the Windows Start menu. 
19.7. An implementation of a thinking style based approach to individualized teaching I tutoring and 
learning. 
l. Create subdirectory C:\cats, copy the compressed file stem.zip from the CD to c:\cats, and pkunzip 
stem.zip. 
2. Run c:\cats\ezteach tstl from the Windows Start menu. 
19.8. An implementation of a thinking style based approach to the individualized teaching and learning 
of thinking skills. 
l. Create subdirectory C:\cats, copy the compressed file stem.zip from the CD to c:\cats, and pkunzip 
stem.zip. 
2. Run c:\cats\ezteach tsmod from the Windows Start menu. 
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19.9. An implementation of CATS BATTLE- a Computer Assisted Thinking Style Based Assistant for 
Thinking, Teaching and Learning Exploratil;m. 
1. Create subdirectory C:\cats, copy the compressed file stern.zip from the CD to c:\cats, and pkunzip 
stern. zip. 
2. Copy the compressed file battle.zip from the CD to c:\cats, and pkunzip battle.zip. 
3. Run c:\cats\tscat.exe from the Windows Start menu. 
20. Contents of CAMP FILE 2005 - A Preview 
1. A 21 st Century Curriculum Incorporated in an Intelligent Learning Environment: An Introduction and 
Example (see chapter 5). 
2. Teaching and Learning Assistants: Learn How to Teach, Learn How to Learn 
2.1. TheM* A *S*T*E*R *Method of Teaching and Learning. 
2.2. A Model of Teaching I Tutoring and Learning Based on Kolb's Learning Style Inventory 
2.3. A Personality Type Based Teaching and Learning Assistant 
2.4 A Model of Teaching and Learning Based on Felder, Silverman and Soloman's Research 
2.5 A Model of Teaching and Learning Based on Visual, Auditory and Kinesthetic (V AK) Preferences. 
2.6 A Model of Teaching and Learning Based on Gardner's Theory of Multiple Intelligences 
2.7 A Model of Teaching and Learning Based on Left- and Right Brain Preferences 
2.8 A Domain- and Motivational Based Planning Assistant for Teachers: IF-THEN Rules 
2.9, A Decision Support System to Assist Educators in Exploiting New Media in the Design of Learning 
Environments. 
2.1 to 2.8 are relevant to this study- see section 19 above. 
3. The De Bono Brain Gym: Learn How to Think 
3.1. A Computer Assisted Thinking Styles Based Assistant for Teaching, Thinking and Learning I Living 
Exploration: CATS BATTLE! (see section 19 above and chapter 9) 
3.2 A Hypermedia Tool Assisting the Teaching and Learning of Thinking Skills, Thinking for Action and 
Creativity 
4. Emotional Education 
4.1 . An Interactive Electronic EQ Assistant. 
4.2. An Interactive Electronic Love Assistant. 
Not relevant to this study - demonstrations therefore not included. 
5. Individualized Psychological Help: Mind Map Summaries of the Guidance & Advice Module & 
Mind Power Techniques for the 21 st Century 
5.1. Mind map summaries of the following elements: The Guidance & Advice Module; "Positive Self 
Image"; "Baroque Music"; "Motivation: Various"; "Cope with Stress" "T&L Model"; "Mind Mapping"; 
"Steps in Study"; "Exam Techniques"; "Memory Aids"; "Accelerated Learning"; "Research Support"; 
"Choices"; "Life Goals"; "Empowerment"; "Personal Growth Techniques I"; "Personal Growth 
Techniques II"; "6 Destinies"; "Adjust Attitude"; "Your Game Plan";. "Failure Fear"; "Success Fear"; 
"Raise Energy Level"; "Tough with Self'; "Action Environment"; "Reinforcement"; "Deliberate Delay"; 
"Time Management"; and "40 Procrastination Cop-Outs". 
See section 17 above. 
5.2. Mind Power Techniques for the 21 st Century (not included). 
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6. Citizenship- and Life Skills 
6.1. A Personality Based Decision Support System that Enhances and Individualizes Problem-Solving, 
Decision-making, Teaching and Learning, Conflict Resolution and the Social Behavior of Its Users 
6.2. An Interactive Electronic Household Accountant for Everyone. 
6.3. ETMS- Everybody's Time Management System. 
6.4 A General Decision-Making Support Tool. 
6.5. Everyday Maths and Science KnowHow for All- Discover the Magic of Maths and Science in Your 
Everyday Life 
Not relevant to this study- demonstrations therefore not included. 




1. 'n Rekenaargesteunde Onderrigstelsel vir Lineere Programmering ('n RGO-stelsel vir LP), 
Konferensieverrigtinge van die Jaarlikse Konferensie van die Operasionele Navorsingsvereniging van Suid-
Afrika, 30 September - 2 Oktober 1992, Universiteit van Stellenbosch, Stellenbosch. 
2. 'n Intelligente Tutorstelsel vir die Onderrig van Lineere Programmering (Binne 'n Algemene RGO-stelsel), 
Konferensieverrigtinge van die Jaarlikse Konferensie van die Operasionele Navorsingsvereniging van Suid-
Afrika, 6-8 September 1993, Universiteit van Natal, Pieterrnaritzburg. 
3. Die Ontdekking en Ontginning van RGO-myne en die Vervaardiging van Onderrigjuwele, Gelewer in die 
Departement Toegepaste Wiskunde, Universiteit van Stellenbosch, 4 Oktober 1993. 
4. Sleutelvraagstukke in verband met Rekenaargesteunde Onderrig in Besluitneming: Wie? Wat? Waar? 
Wanneer? Waarom? Op Watter Wyse?, Gelewer in die Departement Toegepaste Wiskunde, Universiteit van 
Stellenbosch, Augustus 1994. 
5. Combining an Intelligent Tutoring System, Hypermedia and Accelerated Learning Techniques to Teach 
Operations Research, Conference Proceedings of the Manufacturing in Southern Africa Conference (MANSA 
94), 22-26 August 1994, Arthur's Seat Hotel, Sea Point, Cape Town. 
6. Sleutelvraagstukke in verband met Rekenaargesteunde Onderrig in Besluitneming: Wie? Wat? Waar? 
Wanneer? Waarom? Op Watter Wyse?, Konferensiebundel van die Sesde Konferensie van die Suider-Afrika 
Instituut vir Bestuurswetenskaplikes (SAIBW), 5-6 September 1994, Universiteit van Wes-Kaapland, Kaapstad. 
7. A Conceptual Framework for the Development of Intelligent Computer-based Educational Software in 
Operations Research, Conference Proceedings of an International Conference on Computer Assisted Education 
and Training in Developing Countries (CAETDC '94), 10-14 October 1994, ESCOM Conference Centre, 
Midrand. 
8. A Model for Intelligent Tutoring Systems in Operations Research to Coach Mathematical Programming, Paper 
delivered at the Joint National Meeting of the Operations Research Society of America and The Institute of 
Management Scientists, 23-26 October 1994, Detroit, United States of America. 
9. An Intelligent Electronic Support, Coaching and Testing System for Mathematical Programming, Paper 
delivered at the Western Cape School's Network Conference on the Internet and Educational Computing, 28-29 
September 1995, Cape Town. 
10. Combining Creativity, De Bono's Thinking Skills, Kolb's Problem Solving Styles and La Haye's Temperaments 
to Initiate Constant and Neverending Improvement (CANI) in People, Workshop presented at the Second 
Annual Forum of the Southern African Association for Institutional Research, 15-17 November 1995, 
University ofNatal, Durban, South Africa. 
11. Student Modeling and Tutoring Strategies in an Intelligent Linear Programming Tutor, Proceedings of the Fifth 
International Conference on User Modeling, 2-5 January 1996, Kailua-Kana, Hawaii, United States of America. 
12. Building an Electronic Performance Support System to Assist Students in Learning about Parallel Computing, 
Expeti Systems, Induction and Solution Methods for Linear Programming, Paper delivered at the INFORMS 
Computer Science Technical Section Conference on Computer Science and Operations Research, 8-10 January 
1996, Dallas, Texas, United States of America. 
Stellenbosch University  https://scholar.sun.ac.za
577 
13. A Fuzzy Expert and Decision-Making System to Individualize Computer-based Tutoring. Published in the 
Conference Proceedings of the European Conference on Artificial Intelligence in Education (EuroAIED '96), 30 
September - 2 October 1996, Lisbon, Potugal. 
14. An Electronic Performance Support System to Provide Computer Based Coaching of Parallel Computing, 
Expert Systems, Induction and Solution Methods for Linear Programming, Proceedings of Fourth CBEICBT 
Conference and Workshop, Information Technology and Effective Education I Training, 7-10 October 1996, 
UNISA, Pretoria. 
15. Applications of Fuzzy Systems in Institutional Research, Paper delivered at the Third Annual Forum of the 
Southern African Association for Institutional Research, 27-28 October 1996, Cape Town, South Africa. 
16. Applications of Fuzzy Systems and Neural Networks in Institutional Research, Paper delivered at the 13th 
International Conference on Multiple Criteria Decision Making, 6-10 January 1997, University of Cape Town, 
CapeTown. 
17. 'n Leerstyl Gebaseerde Rekenaargesteunde Onderrigstelsel vir Lineere Programmering. Lesing gelewer op 
uitnodiging aan 'n groep voorgraadse B.Sc studente in die Departement Toegepaste Wiskunde aan die 
Universiteit van Stellenbosch gedurende Mei 1997. 
18. Computerized Thinking and Teaching Games to Simultaneously Improve a Student's Thinking Skills and His 
Knowledge of Linear Programming. Paper delivered at the Western Cape School's Network Conference on the 
Internet and Educational Computing, 26-27 September 1997, Cape Town. 
19. The Potential Role of an "Artificial Psychologist" within an Intelligent, Learning Style- and Computer-based 
Tutor. Paper delivered at the Western Cape School's Network Conference on the Internet and Educational 
Computing, 26-27 September 1997, Cape Town. 
20. A General Fuzzy Logic Based Decision Support Tool for Institutional Researchers, Paper delivered at the 
Fourth Annual Forum of the Southern African Association for Institutional Research, 27-29 October 1997, 
Pretoria. 
21. GEORGE becomes RECTOR - Linear Programming Tutor Extended to Also Include Other Operations 
Research Techniques. Published in the Conference Proceedings of the International Conference on Computers 
in Education (ICCE '97), Kuching, Sarawak, Malaysia, 2-6 December 1997. 
22. Training Mathematics and Physical Science Teachers via Television Transmissions and Computer Based 
Tutorials. Published in the Conference Proceedings of SITE 99 - Society for Information Technology and 
Teacher Education, San Antonio, Texas, USA, 28 February- 4 March 1999. 
23. Multimedia Based M*A*S*T*E*R Teaching and Individualized Learning of Mathematics and Science. 
Published in the Conference Proceedings of MISET 99 - International Conference of Mathematics I Science 
Education and Technology, San Antonio, Texas, USA, 1 -4 March 1999. 
24. Educating "Everyday Maths and Science KnowHow" Electronically. Published in the Conference Proceedings 
of MISET 99 - International Conference of Mathematics I Science Education and Technology, San Antonio, 
Texas, USA, 1 -4 March 1999. 
25 . Everyday Maths and Science KnowHow for All- Discover the Magic ofMaths and Science in Your Everyday 
Life. Paper delivered at the Millenium Minds Conference of Schoolnet SA and the Western Cape Schools 
Network, 29 September to 1 October 1999, Cape Town. 
26. How to Utilize Technology Based Tools in Implementing a Skill Based Curriculum for the 21 St Century. 
Workshop Presentation delivered at the Millenium Minds Conference of Schoolnet SA and the Western Cape 
Schools Network, 29 September to 1 October 1999, Cape Town. 
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27. Computerized Teaching and Learning Assistants to Combat Attrition Rates in Science and Engineering. 
Paper delivered at the Sixth Annual Forum of the Southern African Association for Institutional Research, 25-
27 October 1999, Pretoria. 
28. CAMP FILE 2005: A Computerized Artificial Mentor and -Psychologist For the Intelligent Learning 
Environments of Tomrnorrow. Published in the Conference Proceedings of the International Conference on 
Computers in Education (ICCE '99), Chiba, Japan, 4-7 November 1999. 
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